IDL Reference
Gulide

IDL Version 6.0

July, 2003 Edition
Copyright © Research Systems, Inc.
All Rights Reserved

Research Systems Inc.

0703IDLGOREF



Restricted Rights Notice

The IDL®, ION Script™, and ION Java™ software programs and the accompanying procedures,
functions, and documentation described herein are sold under license agreement. Their use, dupli-
cation, and disclosure are subject to the restrictions stated in the license agreement. Research Sys-
tems, Inc., reserves the right to make changes to this document at any time and without notice.

Limitation of Warranty

Research Systems, Inc. makes no warranties, either express or implied, as to any matter not
expressly set forth in the license agreement, including without limitation the condition of the soft-
ware, merchantability, or fithess for any particular purpose.

Research Systems, Inc. shall not be liable for any direct, consequential, or other damages suffered
by the Licensee or any others resulting from use of the IDL or ION software packages or their doc-
umentation.

Permission to Reproduce this Manual

If you are alicensed user of this product, Research Systems, Inc. grants you alimited, nontransfer-
able license to reproduce this particular document provided such copies are for your use only and
are not sold or distributed to third parties. All such copies must contain the title page and this
notice page in their entirety.

Acknowledgments

IDL® isaregistered trademark and ION™, ION Script™, |ON Java™, are trademarks of Research Systems Inc., registered in the
United States Patent and Trademark Office, for the computer program described herein.

Numerical Recipes™ is atrademark of Numerical Recipes Software. Numerical Recipes routines are used by permission.
GRG2™ isatrademark of Windward Technologies, Inc. The GRG2 software for nonlinear optimization is used by permission.

NCSA Hierarchical Data Format (HDF) Software Library and Utilities
Copyright 1988-2001 The Board of Trustees of the University of Illinois
All rights reserved.

NCSA HDF5 (Hierarchical Data Format 5) Software Library and Utilities
Copyright 1998, 1999, 2000, 2001, 2002 by the Board of Trustees of the University of Illinois. All rights reserved.

CDF Librar

Copyright ® 1999

National Space Science Data Center
NASA/Goddard Space Flight Center

NetCDF Library
Copyright © 1993-1996 University Corporation for Atmospheric Research/Unidata

HDF EOS Library
Copyright © 1996 Hughes and Applied Research Corporation

This software is based in part on the work of the Independent JPEG Group.
Portions of this software are copyrighted by INTERSOLYV, Inc., 1991-1998.

Use of this software for providing LZW capability for any purpose is not authorized unless user first entersinto alicense agreement
with Unisys under U.S. Patent No. 4,558,302 and foreign counterparts. For information concerning licensing, please contact: Unisys
Corporation, Welch Licensing Department - C1SW19, Township Line & Union Meeting Roads, PO. Box 500, Blue Bell, PA 19424.

Portions of this computer program are copyright © 1995-1999 LizardTech, Inc. All rights reserved. MrSID is protected by U.S. Patent
No. 5,710,835. Foreign Patents Pending.

This product includes software developed by the Apache Software Foundation (http://www.apache.org/)
IDL Wavelet Toolkit Copyright © 2002 Christopher Torrence.
Other trademarks and registered trademarks are the property of the respective trademark holders.



Contents

Chapter 1:

OVErview Of IDL SYNTAX ..uuuuuuuiiiiiiiieeeeeeeeeeeeeeiiriiisss s e e e e eeeeeeeeeneenes 53
D = S 54
E1emMentS Of SYNLAX ...veceeiiiiiiceecee st et 55
(0101 o 1] == U 56
FUNCLIONS ...ttt st sttt sttt b 56
(0 18101 o 1 USSR 57
L= YAV (0 R 57

Part I: IDL Command Reference

Chapter 2:

DOt COMMEANAS .uniiiiiici et e e s e e e eeas 62
OO 1 T R 63
LCONTINUE et e e e st e e e e e s bbb e e e e e s sesaabeeeeessesnsbeeeeessesanns 64
=t 15 I SRR 65

IDL Reference Guide 3



FULL_RESET_SESSION ..ottt sne s s sneas 66
€ 67
O 1 N LSRR 68
RESET _SESSION .ot etee ettt et e st e e e ste s st e st e e s e e sne e e nreeesneeennneennnnens 69
JRETURN ettt e e e e e e e e e saa b b e e e e e e e e snbaseeeeeesabbaaeesesesnnrrneens 71

A 1=V AY 72

L ]\ SRR 74

R S 1 U 76
RS = O 78
S I = O AV = 79
T RACE et a e — e e e e aearrr e e e e e e rarrrraes 80
Chapter 3:

Procedures and FUNCLIONS ..ooueiiiiiii e 81
N L0 = N I =TT 82
AN = 3 T 84
AN O 1 T 86
ADAPT _HIST _EQUAL ettt ettt e s e e nre e nneeennenennenens 88
A O L 91
AN 0 L1 1 O 93
F Y @] = TR 95
F AN AN AL I 2N I = 99
y N L = = = N T 101
ARRAY EQUAL oottt ettt e e st e s ne e b e e nne e eneeennes 103
ARRAY INDICES ..ottt ettt sttt st sssss st ess s e e tese s sessasesessnas 105
F AN (11T 108
ASCH _TEMPLATE oottt ettt sttt sas st st ss s sttt e s e satebesn e 110
AN 114
AN S O L 116
AN 17N 119
AAXIES ettt ettt ettt ettt et ea ettt et et et et et et et et e et e te e et et eaereetereseanas 123
o o I 127
[ =] N T = N1 o TR 131
L s ! U 134
[ S T TR 137
L s ! 142

Contents IDL Reference Guide



BESELY oottt b e b e be e sbe e be e be e beebeereebeears 145
B E T A et e et e et e e e b e e e be e e beeabeeeabeeeaeeeerreeaateeanreans 148
BILINEAR oottt ettt ettt et s st esaeesbeesbeesbeesbeesteesbeenas 150
BIN DATE ettt ettt st st eae e b b s ae et et esbeeaeeatesresbeennennesbesteas 153
BINARY _TEMPLATE ..ottt sttt sttt st sttt eneennentenne s 155
1IN N 160
BINOMIAL oottt ettt sttt s b e s be e sbe e sbeesbeebeenbeenbeereebesnres 162
BLAS AXPY ettt bbb et e e b e be e ae et s reebeeaeenresbenrea 164
=TI S | S PTROP 168
BOX_CURSOR ...ttt ettt sttt s be s e et s be s aeeatesbesbesneennesbesnea 170
BREAK oottt ettt st e e he e b e be e be e she e be e be e beebeereeteears 172
[T AN L = O 1 1N [ 173
BROYDEN ..ottt ettt et ettt s ae e s ae e sbe e saeesaeesbeesbeebeesteesbeennas 176
L 17 = 179
BY TE ettt ettt et e be e e he e she e bt e be e beeeteesbeeras 181
[ I I 183
BY TS L oottt ettt ettt et ettt s e bt e s b e s b e e e be e sbe e sbe e be e be et e enbeereereeares 188
C CORRELATE ..ottt ettt ettt ettt ettt st bbb b e enn e besbe e e e nesreenas 191
L7 I B 7 N OO 194
L7 I NN = 197
CALL _EXTERNAL ..ottt sttt sttt sreans 198
CALL _FUNCTION .ottt ettt ettt st st st e nn et sbe e nesreenis 209
CALL _METHOD ..ottt ettt ettt sttt st st be e ne e anis 211
CALL _PROCEDURE ......cciiticete sttt ettt ettt sttt st et s be e ne st enis 213
A SE .ttt b e b tr e e e ae e abe e ebeeeheeeheesheenbeebeeareens 215
L7 O 217
O L OO TRRP 220
CDF ROULINES ...ttt ettt ettt et e et e et e et e e s aae e aee e aeeesaeeesateesnbesenteesnrens 222
L1 =!I OSSR 223
(O SN S o 225
(O 1Ot S N I P 226
CHISQR _CVF ..ttt ettt sttt b e e aresbesbe e e e nesreenis 232
(O 1S G I | ST 234
(01 [ Y T 236
CHOLSOL ..ottt ettt ettt ettt et st st e ae e s te e saeesaeesbeeebeesbeesaeesaeesbeebeesbeeses 238
(O 1T N 240

IDL Reference Guide Contents



(o2 = N OSSOSO 242
(010 1= =TS 244
CLUST WTS oo eeeeeeesseeseseeessssesesseesesseessssessessesssssesssesessssesessssesssenesesssssseees 246
CLUSTER ovvvcooeeeeeeeeeeeseesessesssseesssssssssssessssesssessssssssssssssssssessssssessssssssssssssssessesssessens 248
(0] =31 (0] N\V/ = =3 O 251
(0] Mo =3 U7 NI Y 253
COLORMAP _APPLICABLE ..o eeeeeeeeeeesseeeesessesssssesssssesssseessssessseeesessssssenes 257
(0101 [ =/ I ST 259
(010)1Y 1Y) N TSSO 262
(010 1= T = o =4 LY 263
(0] 1= = TSSO 268
COMPLEXARR .ovvveceeeeeeeeeeoesseesessesssssssssssesessssssssessessesssssesssssssssssesssssesssessssesssssssees 272
COMPLEXROUND ...oorevveeeesseeseeeeeeseeeseeeeeesssessseesssssesssssesssssessssessssseesssesesessssssenes 274
COMPUTE_MESH_NORMALS w.ovvocoreeeeeeeesseeeeseeeesessesessssesssssessssssssssssssssessssssessens 276
(070) ] 0 XSOOSO 277
(010 N[ =] o OO 279
(010) N OSSO 282
CONSTRAINED_MIN 1eeveveeoeeeeseeeeeeseessesseesesssessssesssssesssssessessessssssssssssesssssessessessseees 284
(010 N1 1 1 LU =SSOSO 291
(010 N1 1018 =TT 292
(00)NIVA=i=a s el0 0 1= SO 305
(010 N1 V7 ER ST 308
(01010) =072 L0 < TSSO 313
COPY _LUN oo eeeeeeeseeesseeeesesseesessesssssssssssssesssssssssssessesssssesssssssssssessssssessssssesessssssenes 315
CORRELATE oo eveeeeeeeeeeeeeeeeesseeseseessssessseeeeessessssseesessesssseassessessseeessssesssenesesssssssees 318
(00 1= TS 320
(01015 IR 322
(0= U IS 324
(@12 1= =SSOSO 327
CREATE_STRUCT oocoreevveeereseeesesseeesssssssssesesssessssssssssesssssessessssssssssssssessssssssesssssssnes 329
CREATE_VIEW w.ooooeeeoeeeeeeeeeeseeeseseesssseeesseeeesseesssseesessesssseasssssessssesssssessseseesesssesseees 332
(01200 15 =TT 336
(@ = V{1 = N = TSSO 337
CT_LUMINANCE ovocoreeeveeeeeeseeeseeseessssssssesessesssessssessessesssssesssssesssssesssssessssssssessssssenes 339
o1 T 1 =251 SO 341
(01025 0] = OO 344

Contents IDL Reference Guide



(181 =Y/ = = TSNS 347
CV_COORD  .ooorevveeeeeeeeeseseeesssesssssessessssssssssssseessssssssessesssesesessssssssesssssssssssssessesssees 352
(oA 1 =Y TS 355
CW_ANIMATE ovvveeeeeeeeeeeeeesseesessesssesssssssssssssessssesssessesssssessssssssssesssssesssesssessesssees 357
CW_ANIMATE_GETP .ereveeeeeeeeeeveeeseeseseeeeeesseesseseesesseessesessssssessseesssssesssesesessessenes 362
CW_ANIMATE_LOAD rvveeeeeeeeeeeeeeeseseeeesesesssesssssessessesssssessssssssssesssssesssesssessesssnes 364
CW_ANIMATE_RUN ..oeoooeeeeeeeeeveoeseeeeseeeeesesseessesessesseesssseessssssssssesssssssssesesesseeseees 367
CW_ARCBALL ovvveeeeeeeeeeeeeesseeeeeseeessessssssssssssesssseesessesssssesessssssssessassesssesesessesssees 369
CW_BGROUP ....coooecoeeeeteeeeeeseeeeeseee e eseeseesseesseseesessesssesee s sssseessesessseneeessesseees 374
CW_CLR_INDEX  ovvveoreeeeeeeeessseesessessssssssssssssssessssssssssesssssessssssssssesssssesssesssessesssees 380
CW_COLORSEL .oovveeooeeveeeeeeseeeseeeesessssseeseeesseessseeesssssessssseesssesssseesesssssssesssssssesseees 383
(YT A ) == =l | 386
CW_FIELD ooooeeeeeeeeoeeeeeeeeeeeesseesesee s seesesesseessseessseseeessese s s sssseeeesessssseseesssessenes 390
CW_FILESEL eoreevveeeereeeeeeeeeeesseesessesssssssssssssssssessssssssessesssssesessssssssesssssesssssssessesssees 395
CW_FORM .ocooeeeeeeeeeeeeee oo eesseeseseesessssseesesesseessseeesessessseseesssesseseeeessessssesseeesesseees 400
CW_FSLIDER .ooevvveeeoeeeeseeeeessseesessessssssssssssssssessssssssessesssssesessssssssesssssssssesssessesssees 408
CW_LIGHT _EDITOR .ooeeeeeeeeeeeeeeeeeeeseseseeeeeesssesseseesesseessesessessssssssesssssesssesesesssssenes 413
CW_LIGHT_EDITOR_GET ooorevveveeereeesseeseeesseessssesssssesssssssssssessssssssssssssssssssssesssees 417
CW_LIGHT_EDITOR_SET ooooeeeveeeeeeeseseeeeeesseesssseeesesseesssssssssssssssesssssesssessssssseseees 420
CW_ORIENT oooreveeeeeeeeeeeeeeeesssessessesssesssssssssssssesssssessessesssssesessssssssesssssssssesssesseessees 422
CW_PALETTE_EDITOR .oovooooeeteveeeseeeeseeeeeesseessesessesseesssseessssssssssesessssesssesesessssseees 425
CW_PALETTE_EDITOR_GET worvvooeeeeeeeeeeessseesssssessssseessesessssssssssessssssesssesssessesssees 432
CW_PALETTE_EDITOR_SET ovvoeeeeeeeeeeeeeresseesssseesesseesseseessssssssseesessssesssesessesssesenes 433
CW_PDMENU .o eeeeeeeeseeseseessssssessssssesssessssesssesseessesesessssssssesesssssssesssessesssees 434
CW_RGBSLIDER ...oocooeeeeeeeesseeseseeessssssseesesesseessssessessesssesesssssssssseesssssesssesesessseseees 442
CW_TIMPL. oo eeeeeeeeeeeseeeesesseesessesssesesssssssssssessssses s seessssesesssssssseseasssssseseessesssees 446
CW_ZOOM .ooooeeeeeeeeeeeeeeseeeeseesseeseeeesesesssseseeesseessseessessessseseeessesssseeeeseessssessesesesseees 447
DBLARR .eovvvveeeeeeeeseesesssseessssesssessesssssesssessssssesesseessesessesssesssseeseseesssssesesseesseeee e 452
DCINDGEN ...ocoooeeeeeeeeeseeeeeeeeeeeseeeseeeesesssesssseesesssesseeeeseeseessseeeesessessssseeesssesseeee e 454
210V = T = T 456
DCOMPLEXARR ..covveeeoeeeeeeeeeeseseeeseeeeesseesssseesesssesseesesesseessseesesesssssssseeesssesseeeeseesees 459
DEFINE_KEY ovooreeevveeeeresseessssesssesssssssssssssesssssssssssssssssssessssssssssssssssssssssesssesssssssassees 461
DY TN = Y 1S =TI OO 470
DEFINE_MSGBLK_FROM _FILE ovvveeoreeeeeeeerssseesseeseesssessssesssssesssssesesssssssssssssssees 473
2= =0 [OOSR 478
DEFSY SV vevveeoeeeeeeeeeeesseessssesseesesssssssssssesssssesessssssessssesssesssssesessssssssesesssessessesessees 480

IDL Reference Guide Contents



[ R SR 482
DERIV ettt sttt st s et et e e e se e te et e neene et e eeneeneeneeneneenen 483
(D] A S 484
D IS 486
[ Y O SR 488
[ Y S 492
(DY Y AN I SR 496
DIALOG_MESSAGE ..ottt sttt a e 498
DIALOG_PICKFILE ..ottt s 501
DIALOG_PRINTERSETUP ...ttt 506
DIALOG _PRINTIOB ....ooiiiiiririeisieesieiesieesiste s tesessese e e ssesesessesessesessesessssessssensssenessens 508
DIALOG_READ _IMAGE ..ottt s 510
DIALOG_WRITE_IMAGE ..ottt s es 513
(D 1 R I I 515
3 I SR 517
DINDGEN .....ooiietsieiesictesiste sttt ettt a e sae s e s s e e st e e s besesaeseseenenenseneee 523
[ 1SS I SR 525
D 1 SRR 527
[ IV @ 7 I SR 529
[ Y 1 = = 530
(D@ O 1 =] 2 7 SR 531
DOUBLE ...ttt ettt ettt st s et st e et ne st se e e s e e neneee 533
(D AN = (SR 535
N 537
EIGENQL ..ottt sttt et b et et e et st be e b et nbe e nne 539
] AV 542
I SR 545
Y 2SS 547
ENABLE_SY SRTN oottt ettt nes 548
S 550
EOS * ROULINES ....oviitieieie sttt st e te sttt re s estesae e e e stesteesaensesaesneeneennens 552
ERASE ..ottt R et e et n et e Re e ne e reneee 553
ERF ettt e Rt R et bR e et R e bt ee 555
P 557
[ O SRS 559
[ D S 561

Contents IDL Reference Guide



==l = 0 oSS 566
EXECUTE o vvvveeeeeeeeeeeseesssesssssesssesssssssssssssesssssssesssssssssssesssessssssssssssssssssesssesssseessseees 568
EXIT covveeeoeeeeeeeeeeeseeeesseseseesseeesseeesseseeeseesesesseeeese e s e s e s ss s e eeeesssseeeseeess e 570
EXP covvveeoeeeeeseeeessseeeeesseses s s sssesseesesesesses e s e eeee e e et e et eee e 572
EXPAND oo eeeee s seeees s ses e s s s s e eeseessseeeeseesessssee s esesseeee e 574
EXPAND_PATH eevvvoeeeeeeeeeeeeeeeeesesesesesseessssesesssssssssssessesssssessssssssssssssessesssensessesees 576
EXPINT wooreeeeveeeoeeeeeeeeeeeeseeeesseeesseseeeseeeesesseeesssea s seeeseesseessessseeeeseesesssseeeesssesseeee s 582
EXTRAC 1eeevvveeeeeeeeeeeesesssseessssesssesssssssssssssesssssssesssessssssessssssssessessssssssesessssssssessassees 585
EXTRACT _SLICE vveooeeeeeeeeeeeseseseeeeeeessseeseeseeesesseesseeeeesssessseeeesssssssssseessssesseeee s 588
= oY/ =TT 593
== =SSOSO 595
FACTORIAL ovvvooeeeeeeeeeeeseeesesseessesssssssssssseesssssesessessssssssessssssssesssssssssssesesssessessessssees 597
T oo eeeeees e eeses s s se e e e eee e s s s e st 599
FILE BASENAME w.vvvocoeeeeeeoeeseseeeseesessssesssssesesseesssssssessessssssesassssssssesesssssssssssssees 605
=TI =i u 1 Y() o IO 608
FILE_COPY ovvveeoeeeeeeeeeeessseessssesssesssssssssssssesssssessssesssessssessssssssessassssssssssesssssssssessssees 612
=TI = ) =/ = OO 616
FILE DIRNAME +.ovvvooooeeeeeeeeeeeeeesssesesesseesesssssessessssssssessesssssesssssssssssssesssesssesesesssees 619
FILE_EXPAND_PATH oooeovveoeieeeeeeeeeeesseeseeeeeesesssesseesessssssssseesessssssssssesssssesseeee s 622
=TI = N = o YOO 624
= I = ] =2 OSSO 628
FILE_ LINK ovvvveeeeeeeeeeeeessessesesssessessssssesesssseesssssssssssessssssessssssssessssssssssssssssesssesesesseees 631
FILE IMKDIR cooooreeeeeeeeeeeeeeeeeeeeseseseseesessssesssseesesseesseeeeesssessseessssssssssssessssssssseeeessssees 634
=TI =Y [0 )Y/ OO 635
FILE_ READLINK ovveoeoeeeeeeeeeee e eeseeeeessseessseeesesseesseeeeesssessseesesesssssssseessssesseeeesessees 638
=TI =T Y1 =S 640
=TI S =7 =12 [OOSR 643
FILE_TEST ovvvveeoeeeeeeeeeesseseesessssessesssssesessesseessssesssssssssssssessssssssessssssssssssssssesssesesssssees 657
=TI =T o = OO 661
=TI =Ny T 663
= N0 = TN = OSSOSO 665
FINDGEN .. vvvveeoeeeeeeeeeeeseseessesesssessssssesessseesssssesessssssessssesssessssessessssssssesesssesssssssnssees 667
FINITE woooeeeeeveeeoeeeeeseeeesessesesseeessesseessesesessessssseessesseesseeseesssessseesesessessssneeesssesseeeeseeeees 669
FIX teeevvveeeeeeeeeeesessseeesessesessessesssssesssesesssessessaeessss s seesseses e s ssseeeseeeessssnereeesesseeee e 673
FLICK  wotooeeeeeeeeeeseeeeseeeeesesseessseeessesesessesesesssesssseasesssesseeeeesssessseeseseessssssseessssesseeeesessees 676
FLOAT oorreeeeeeeeeeeeeeeseesesssseessssesssessssssesssssessssssesessesssesessessesssssessassssssssesessssssessesessees 677

IDL Reference Guide Contents



10

FLOOR ..ottt sttt b e bttt b et eb e e s 679
I 1T SRS 681
FLTARR ettt s b et b ettt bbb e nes 683
T 1 PSSR 685
[ ] ST PPSP 686
FORMAT_AXIS VALUES ..ottt st seenes 687
FORWARD_FUNCTION ..ottt sttt s neenes 689
FREE_LUN ..ottt sttt et e e e nsesaenaeneenenseneenen 690
LS 1N ST SRP 692
I I ST 695
FUNG T e ettt b ettt bt eb e e s 697
[ L T PSS 699
LY I = ST SPSRP 700
G (@ 1 2 S 702
FZ_ROOTS ...ttt st b ettt bt eb e e nes 705
(7N 1Y ST 708
GAMMA _CT ettt bbbt b e e e bbbt et e b e nae it 710
GAUSS CVF ettt sttt et et e e et eseesesbestesenensensennens 711
GAUSS PDF ...ttt st sttt b e bt e e b e e s 713
(7N 1SS o ST 715
GAUSSHFIT bbbttt b e st et b e bt e e b e e n s 719
GAUSSINT .ottt et et e s aeseeseesesbeseeteseesesseseensnsensensensens 724
GET _DRIVE_LIST ettt st st b e s 726
(€1 =] {0 ST 728
GET _LUN ettt s ettt bbbttt 730
GET_SCREEN_SIZE .....cooiiiteieeetstese ettt e e se et st saesesse e nsensnsenes 732
GETENV ettt b e st b et bttt b e et 734
€10 1 TP 737
GRID_INPUT .ttt sttt sttt sttt b et eb e nae s 738
(€ N I = TR 743
GRIDS ..ttt sttt bt b e bbbt et r e et 747
(€10 N 1T 750
GS ITER et bttt b et b e e n s 774
[ = o PSR 77
[ T = T 1 ST SRP 778
[ Fo T (01 111 780

Contents IDL Reference Guide



HS5_BROWSER ...ttt et s sttt st 781
HANNING ettt ettt a e se st e sae e eseesesteseeneeneesessensenens 784
HDF_* ROULINES ....ocueeieiictieiete sttt sttt st esa et s te e s e tesbesneensesresresnaensentenneas 786
HDF_BROWSER ..ottt sttt sne s nae e sessensenens 787
HDF _READ ..ottt sttt st st et be e n e 791
HEAP _FREE ..ottt ettt sttt et st saeseenenseesessnnsenens 795
HEAP _GC ...ttt bttt sttt b e sttt b e 798
HELP ettt sttt sttt e e s st e sa e e e neesente st e e e neerennennenens 800
HILBERT .ottt ettt sttt sttt st 807
[ 1S 2 LSRR 809
HIST _EQUALL .ttt st st 811
HISTOGRAM ..ottt sttt sttt se et e sae e seesesaeseeneeseesessanaenens 814
[ S TSPV 821
HOUGH ...ttt sttt sae e s e e sesbeseenenseesesannaenens 823
[ [ SO PSTRTR 832
[ 15PN 834
IBET A ettt bbb a e b e b a bR et ae b e 836
@@ N 3 1 1 1 840
IDENTITY ittt st sttt bbb ne e 863
IDL_Container ODJECE ClaSS .....cceecueiiieiiecie e e seesteesteese e steeste e teetesneesaesasseesneesneens 865
IDL_VALIDNADME ...ttt et 866
1T @ o= o A = 868
IDLCOM™ ODJECE ClASS ...ecveeuieiiiiice ettt st re e senne e 869
1§ @ o= o 870
IDLQI* ODJECE CIASSES ...ccueeieiiiieiieeeeie st seeteste et e e te st e e stesresreesaesbesnesreeneensenneens 871
[IDLIt* ODJECE CIASSES ....cuvvviriirieieesiesiesieeeesteseeseesessessessesessesseseesseessessessessssessessesseneens 872
IDLITSYS CREATETOOL ..ottt st 873
T I | S S 876
IGAMMA bbbt b et b e bt h bR e et e 878
N ]SS 881
IMAGE_CONT .ttt bbbttt s eae st e 896
IMAGE_STATISTICS ...ttt sttt et nee e 898
IMAGINARY ettt b ettt bt 901
INDGEN ....ootiieieieee ettt sttt s e st e e e seebesee s e e esensenaenaeseenenteneeneens 903
INT 2D ettt bbbt b e bbb b et e 906
N 15 910

IDL Reference Guide Contents



12

LR = TUTIN 1 = o OO 913
INTARR .oooeeevveeeeeeeeeesseeseseeessssessesssessssessesessesssessesssesessesesssessseseseesssssssssesssesssssesesseees 915
INTERPOL .ovveoeooeeeeeeeeeeseeeeeeeeeesesesseesesssssesseeessesssessesesesssesssesessssssssssessessesseeeeesesseees 917
INTERPOLATE oooeeveveeeeeseeeeeeeeeseessesssssssssssesssssssssssssssessesssssssssssessssssssssssssesssssesasseees 920
INTERVAL_VOLUME ..ooooovveeeeeeeeeeeeeesseeeeeeeesessseseeseessssssssesessesssessesessssessssee s 924
INVERT ©ooooeeeeveeeooeeseessssessesseessssesssssesssssssssessssssessessssssssesssssesssesesessssssssssesssesssssesesseess 929
TOCTL oveeereeeeeeeeeeeseeeseseeseeseeeseseeeeessesseseeeseeeess e esesesseseseseessss e eesesssseeeesssessseeesesseees 931
IPLOT coveoeeeeeeeeeeesseeseeesssesesssesssssessesssessssssesssssesssessesssessssessessesssssessssssssssssssssesssssesesseees 935
55 L= oSO 953
ISOCONTOUR ..coooreeeeeeeeseeeeeeeeeeessesssssssssesesssessessssssssessssssssssssssssssssssssssssssesssssesaeseees 955
ES OIS :N o =S T 960
ISURFACE .ovvvooooeeeeeeveeeeseeessesesesssesssssssssssssssessesssssesssssssssssssssssessssssssssssssesssssesasseees 964
ITCURRENT .ooocooeeeeeeeeeseeeseeeeeessseseeeeesssssesseosesesssesessesessssssseesssssesssssseesssesssseesesseees 983
) =1 = OO 985
ITGETCURRENT ..veeeeoeeeeeeeeeeeseseseeeeeesssesesseeeesesssessssesssssesssesessessssssssesessessseeesesseees 987
ITREGISTER ..vvvcooeeeeeeeeeeseeeesesessesssesssssssssssssssssssssssssssssessssssssssssessssssssssesssesssssesasseees 989
ITRESET oooeeevveeeeeeeeeeeeeeesseeessseeeesssesssssesssseessesessesssessssesesssssssesessesssssssseesssessseeesesseees 992
IVOLUME evvveeoeeeeeeeeeseseeesessesesssessssssssssessssessessssssssssssssssssssssssessssssssssesssesssssesasssees 994
JOURNAL oo seeee s seesseeeeeseessesss e eseesssese s sesssseeesesseesseseesessessseeeeeseessee 1015
JULDAY oo eeeeeeeeeeessesseesssesssssesesssessssessesessssssssesssessssesssessssssesesssssesssseeeesssssees 1017
KEYWORD_SET .vvvoeeoeeeeeeeeeeessessseeeesssssesseeesssseessseasesssessssessesseessessesssssessssesesne 1020
a2 720 YT 1022
KURTOSIS ..oooocooeeeeeeeeeeeeesseeeeeessess e sssssesseeessssssssseasssesesssssesessessseeeesesssesssseseeee 1027
T =1 OO 1029
LBAINDGEN ...coormeeeeeeereeeeeeeeeeesssessseeeesssssessesessssesssseesssessessesssesseessessesesssesssseesesee 1032
LA _CHOLDC .ooreeveeeeeeeeesseesessssessssseessssssssssssssssesssssessesessssssssssessesssesssessssssssensesee 1034
LA _CHOLMPROVE ....coerveeeeeeseeeeeeeeessssseesseeeessssesssseessesesssseesessessseesssesssessssesesee 1037
10N 0 [0 =" T 1041
00N 0 =3 = 1Y OO 1044
I == N = = =T = Y O 1046
10N == N OO 1052
00N == N\ Y7 = OO 1058
0N = I Y =SSO 1062
LA _GM_LINEAR MODEL .ooorervvveeeeeeeseeseeessssesssesesssssssssssesessesssesssessssssssesseeee 1065
10N R0 = OO 1068
00N NA V7= = OO 1071

Contents IDL Reference Guide



LA_LEAST_SQUARE_EQUALITY  ..coorveeeeeeseeeeeeeeesessesseeeeesseseseesesssssessseeeeseseees 1073
LA_LEAST _SQUARES ..cvvvveeeeeeeeeeeseseesseeeesssssssssssessessesssssesssssssssssssssssssssesseseees 1076
LA_LINEAR _EQUATION  ooocoomereeeeeeeeeseeeeeesseeesseeessssesseseesssesessssesssssessseeessseees 1080
LA _LUDC  eovvoeoeeeeeeeeeeeeeeeseesesesesesssssssssssssssssessssssssssssssesssssessessssssssesssssessssesssessees 1083
LA _LUMPROVE  ..oovoeoeeeeeeeeeeeeseeeseeeesesseeseseeeesssssssseessssessessssssssssssseessssessseeessseees 1086
LA _LUSOL ovveeeeeeeeeeeeeeeseessesesssseesssssessssssssssssesssssssssssessessessssssssssssssesssssessssesssessees 1089
LA _SVD oo eeeeeeeeeeseeeeeeeeeeesseessseee s seee s s s s s es e s e 1092
LA _TRIDC ovvvooeeeeeeeeeeeeeseessseesesssesssssessesssesssessssssssssssesssssssssssssssssesssssssessesssesesesee 1096
I 1 U1V 1= =00 Y/ =SS 1100
LA TRIQL ovvvveeeeeeeeeeeeseseessseesesessesssesessesssssssesessessssssssesssessssssesssessssssessssssesssssesesee 1104
LA_TRIRED ..ooooomeeeveeeeeeeeeeseeeeeesssessseeeesssessseeesessssssssesesessessesssssssssssessessssessseesssssees 1107
LA _TRISOL. ovvveerreeeeeeeeseeseessesesssssesssssssessssssssssesssssssssssessesssssessessssssssssssssessssesssessees 1109
LABEL_DATE eooeeeeveeeeeeeeeeeeeeoessseseseeeesssessseeesessseessseesessessssesessesesssseessssessseesseseees 1112
10X =1 = I ==l (o) NI 1116
10X 5] = I OO 1119
LAGUERRE ....coormeeeevoeerseseessesesesssessssssssssssssssssosssssssssssessesssssessessssssssesnssssssssessseseees 1122
LEEFILT oeeeeeeeeeeeeeeeeeeseeesseeeseesseessseses s ssesssessessssseeesessessesessesesessesesnsseesseeeeseeeees 1125
LEGENDRE ...ovoooreeeeeeeeeeseessesesesesesssssssessssssssssesssessssssssssessssssssessssssssesnssssssssessseseees 1127
LINBCG eoeeveeeeeeeeeeeeeeeeseeesseeesesseessseeeessssssseeesesssessssesesessesseseseesesessesesssesesseeee s 1130
LINDGEN . vvoveeeoeeeeeeeeeseeseesseseseesssesssssssessesssssssesssssssssssessessssssssessssssssesnsssessssessssseees 1133
LINFIT cooreeeeeeeeeeeeeeeeeeeeeesseeeseseeesssessseess s sseessessseess s sessesseseseesesesseseessssessseeesessees 1135
LINKIMAGE ovoooeeeeeeveeereeseesseeesesesesssssssessssssssesssssssssssssessessessessessssssssessssssssssesssessees 1138
LL_ARC_DISTANCE ...ooevvveeeeseeeseeeessesseseseeeessssessseessssesssseesssesssssssessssessseesseseees 1142
LIVIFIT ooooeeeeeeeeeeeeeeeeeeeeeeseesseseseseeesssessssessessessss e sesesssseseessessessesesesessesesnsesessssesesessees 1144
LIMGR oo eeeeeeeeeeeeeeeeeeeseseeseeeeesssessseee s e sseseseeseees s s essesseseeeeesessseeesseses s s seseees 1149
LINGAMMA ooooooeeeeeeeeeeeeeeseesesesssesssssessssssssssssesssessssssssssessessessessssssssesssssessssessessees 1152
LINP_TEST ovoeeeeeeeeeeeeeeseeesseeesesssessseeeesssssssesesesssssssseessssessssessesesesseseessssessseeesseseees 1154
10X 5101 LSS 1157
101o7-Y W = = SO 1159
LOGICAL_AND oeveveeeeeeeeeeeeeeseeesessssesssesssssssesssssssssssessesssssesssssssssssesssssessssesseseees 1160
[0 cl[o7- Y H o) =SS 1162
LOGICAL_TRUE vvvveeeeeeeeeeeeeseeesssseessssssssssesessssssssssssssesssssssssssssssssassssssssssessssssees 1164
LONBAARR ....coooeereeeeeeessessseeeseseesssesesesssesssesessssessseseesssssssseeesessessseessesssessseseseeee 1166
LONARR oo eeeeeeeseeseesesesssesssssssessesssssssesssesssssseessesssssesesessssssesssesessssessseseees 1168
LONG eeeoeeeeeveeeeeeeeeeeeeeeesseeesseseeseeeessseses s essseseseseeesseeeeesesess s seesessseaesesseessseeereeee 1170
LONGBE <..eeeveeeeeeeeeeeeeeeeesesssesesesssesssssssessesssssesesssesssssssessesssssesessssssssesssssessssessseseees 1172

IDL Reference Guide Contents



14

15 o)) =SOSR 1174
LU_COMPLEX  ertevvveeeeeseeeseeeesssssesssesessssssssssesssssssssesessssssssssssssssessssssssssssssssessssnes 1179
LUDC eeoteeeeeeeeeeeeeeeeeeeeseeseesseeee s s seeee e ees s ssssesssseas s sseee s sesee e essse s 1181
LUMPROVE ...ocooeeeeveeeeeseesseeseessssesssssessessssssssssssssesssssesssssssssssssessesssesssesssesssseesesse 1183
LUSOL eoroeeveeeeeeeseeeeeeeeeseseseeeessssessseeeeessssesseseessssessssessssssesssesssesseesseneeseessesssseesesee 1186
M_CORRELATE vvvveeoeeeeeeeeeeeeseessseseesesssssssssssssssssssssessesssssssssssessesssesssesssessssesseene 1189
Y e 7N = SO 1192
MAKE_ ARRAY  .oevvveeeeeeeeeeeseoeseesssssessesssssssssssssssssssssessesessssssssssessesssesssessssssssensesee 1194
IMAKE DLL oveeooeeeeeeeeeeesesseeeeesssessseeeesssseesseseessssessssessssssesssssssesseessessesesssesssseesesee 1198
IMAP_2POINTS 1.ooevvveeeeeeeseeeesssseesssesesesssessssesessssesssssesesssssssssssessessssssseessesssssessesene 1204
MAP_CONTINENTS w..oormereeeeeoeeeeseeeeeeeseseesseeessesessseseessssesssesessssseesseesesssssssseesseee 1208
IMAP_GRID ovvooooeeeeeeeeeeseeesseesesssssesssssesseesssssssssssssssssssessesessssssssssessesssesesesssessssesseene 1213
IMAP_IMAGE .cooroeeveeeeeeeeeeeeeeeeessessseeeessessessesessssesssseesesssesssssesesseesseesesesssesssseeseene 1218
IMAP _PATCH ooooeeeeeeeeeeeeesseesesesssesssssessssssessssssssssssssssessssssssssssssessesssesssessssssssessesee 1222
MAP_PROJ FORWARD ....o.oocoommeereeeeeereesseeseeeesssssessseessessesssseesessesssessesssssssssseseene 1226
MAP_PROJ INFO ovvvvoeoeeeeeeeeessseessseseeeessesssessssssssssssesssssssssssesssseessesssesssessssensseee 1231
YT =3 = =T X I N1 SO 1234
MAP_PROJ INVERSE ...ecvvvvoeoeeeeseeeeessessesssesesssssssssssessesssessssssssessesssesssessssssssessesee 1250
IMAP_SET oo eeeeeeseseeesseeeeessseesssesessesesessseeessssessseseeesesesssesessessessseeseessesssseeeeeee 1252
MATRIX_IMULTIPLY oorrerveeeeoeeeseeeeeessesseesseseessssssssssesssessesssssesessesssesssesssessssessssne 1263
MATRIX_POWER ...oocoooeeeeeeeeeeseesseeeeeessseesseeessssesssseesssesesssssssessesssessssssssessssessesne 1266
IMAX  coveeoreeeeeeeeeeseeeeeeeeseeeessessesses s s ssses e eeeees s e eeesessesess e sessesee e seesseneeeeeeesssseer e 1268
IMD_TEST oo eeeeeeseseeesseeeeessseessseeessesesessseeessssessseeeeesesesssesessessessseeseesessseseeeeeee 1272
IMEEAN oo seeeeeeeeeeeseeeeeeessessesses s e ssses e s s s e eesessessesssesessssse e seessesesesesesssseeeeeee 1274
Y TN =15 ) = AT 1276
IMEDIAN v eeeeeeeeeeesseesesesssesssssesseessessssssessssesssssesseseseesssssseeseessesesesesessssesseene 1278
IMEMORY oo eeeeeeseseseseeeeeessseessseeessesessssseeessssesseeseesesessseseseessessseeseessessssseeesee 1281
IMESH_CLIP covooooeeeveeeeeeeeeeseeseesssesssssesssessssssesseessssssssesssessessssessessesssesssesssessssessesne 1285
MESH_DECIMATE wovveooreeeeeeeeeeeeseseeeesssseesseeesssseessseessssseessssesesseessesssssssssssssesesen 1290
IMESH_ISSOLID eevvvveerreeeeeeeseessesssssessssssssssssessssssssssessesssssssssssessesssesssssssessssenseene 1297
MESH_IMERGE ....vvveeeoeeeeeeeeeesseessseeeesssssesseeessssesssseasssssesssseesessesssessssssssesssseesesee 1298
MESH_NUMTRIANGLES «.ooooooreeeveeeeseeseeeseesssssesssesesssesssssessssssesssssssesssssssssesessne 1303
IMESH_OBUJ ovvooooeeeeeeeeeeeeesseeeeesssessseeeesssssessesesssssssssessesesessssessessessseeessesssesssseesesee 1304
IMESH_SMOOTH wvvvveereeeeeeeeeeeeseesssssesssssssessesssssssssssssessesesessssssesssseessesssesssessssesseese 1311
MESH_SURFACEAREA ...oovooooeeeeeeeeeeeeeseeesseeesssseessseessessessseessesseesseosesssssessssesesee 1317
MESH_VALIDATE ovvooomeeeeeeeeosesesssesessesssssssesesssssssssssssesssesssssssessesssessssesssessssessesee 1319

Contents IDL Reference Guide



MESH_VOLUME ..coeeeveeeeeroseseeeeeseesseeeeeessssssesesssseseesessssssesessssesessssssessesssssseseessenn 1321
IMESSAGE .vvvoovveeeeeeeeeeseesesssssssseeessesssssessessssesessssssssesssssssseesessssesssssesssseesssssssneenenn 1323
IMIN oo seeeeese e ee e e e e se s e en e s e s s eeseseessssssenee e 1329
MIN_CURVE_SURF ..oovvvoecoroseseseeeeeeeeeeeesessssssessssssesssssesssssessssssssssssssssssessssssssensnenn 1332
MK _HTML_HELP oo eeeeeseeeessssssssssssseseessssssssessssssesesssssssssesssssseseesenn 1337
Y Lo 0T =7 o O 1340
IMOMENT covveooeeeeeeeeeeeeeseeeeesseseeseseessesseseessessssesesssssseseeseesssssessssssesesssessssesssssseseeseen 1342
MORPH_CLOSE ..evvvvveeeeeeeseseeesessessessesssssesessssssesssssssssessssssesessssssssesssssssensssssesee 1345
MORPH_DISTANCE ..oovvoooeereeeeeeeseeeeeeeeeessssssesssssseseessesssssessssssssesssssssssesssssseseessenn 1348
MORPH_GRADIENT ovvvoeeerooeseeeeeeeeeseseessessssssessssssesesssssssssessssssssssssssssssessssssssensnonn 1351
MORPH_HITORMISS ..oooooorreeeeeeeeeeeoeeesssssesessesesesessssssssesssssssesssssssssssssssessensesssssee 1354
Lo l2T=N 0 = = N[ 1357
IMORPH_THIN oo eeeeveeeeerseeseeeeeseeseeeeessessssesesssssseseesessssssesessssesesessessssesssssseseesenn 1360
MORPH_TOPHAT eeovvvveeeeeroeeseseeeseeseeseessessssssessssssssesssesssssessssssesssssssssseesssssssseesonn 1362
MPEG._CLOSE ..ooeeoeeeveeeeeresessesesssesseseesessssssssssssseseesessssssessssssesesssssssssesssssseseesenn 1365
Y T='= T = = N 1366
Y L=< = U SO 1370
MPEG._SAVE .ooooeeeeeeeeveeeeesessseseeeseessssssssessssssessssssssessesssseessssssssssssssssssessssssssesnenn 1372
MSG_CAT _CLOSE ...ovvvvveeeerreeseeeeeseesseseeeessssssssssssseseessssssssessssssssesssssssssesssssseseesenn 1373
MSG_CAT _COMPILE ovvoeroreeeeeeeeeeeeeeeeesssssesessssesesesesssssesssssssesssesssssssssssssmensssssesne 1374
YIS I i 0= = N T 1376
IMULTT eeeeveeeeoeeroe e eeeeseesesss e s sesessesss s ssesesssssessesesesesesesessssssssssesssseesssssssneennenn 1378
N_ELEMENTS ©ooooeeeeeeeveeeeesesssseeesssessesesssessssssessssssesessesssssssssssssssssesssssssesssssseseesonn 1380
N PARAMS ..o eeeeveeeeeseseseseeessesssssesessssssessssssesesssesesseessssssssssssseseseessssssssensenn 1382
N_TAGS wovvveeoeeerreseeeeeeeeseeseesessssseeessesseseesessssssesssssseseeessssssesessssesessssssssesssssseneerenn 1383
NCDF_* ROULINES ..evvvvveeeeerseessseeessessessessessssssessssssssesssesssseessssssssssssssssseesssssseseesnonn 1385
NEWTON oo eeeeseeeeesssesssseessesseseesseesssssessssseeseseseesssssessssssssessssssessesssssseseesenn 1386
NORM e ovvvveeeeree e eeeeseesesssesesesesessessesssssessssesessssssssesssesssseesessssssssesesssseessssssenenseen 1389
OBJ_CLASS oo eeeveeeeeeeseeesesesesseseeseessseesssssseeeesesessssessesssseeeessssseessssssseeseeeseseeses 1392
OBJ DESTROY  evvvvveeeeeoeeeeesesssessssessssssssseessssssesessssssssesssssssessssesssssessssssssssesessssseeses 1394
oLz N I = NS 1395
OB INEW ocoooeeeeeeeeeeeeess e eeeseesssesessseseseeesssssseess s seessessssesseessseseeesssssseseessssseeees 1396
(01N 7N W 1o SO 1398
01 Y (= SO 1400
o ===l = OO 1402
ON_TOERROR ..o veeveeeeeoeseeesesssessssesssssesseeessssssesssssssssesssessssssssesssssessssssssesesessssseeses 1403

IDL Reference Guide Contents



16

ONLINE_HELRP .o 1405
OPEN e e n e s 1410
OPLOT 1419
OPLOTERR ..ottt s n e nn e ne e s 1422
P_CORRELATE ...ttt 1424
PARTICLE_TRAGCE ..ot 1426
PATH_CAGCHE ... s 1429
PATH_SEP e e e e 1436
PCOMP ... s 1437
I PP PR RT 1442
PLOT_3DBOX ...t 1446
PLOT_FIELD ..o s 1450
PLOTERR ..o e e s 1452
PLOT S e e e e e 1454
PNT_LINE o e s 1457
POINT_LUN e s 1459
POLAR_CONTOUR ....cooiiiiiitiiere e 1461
POLAR_SURFACE ...t s s 1463
POLY e e 1466
POLY _2D oottt e e e s 1467
POLY _AREA . 1472
POLY I T e et n e r e e 1474
POLY FILL oot 1478
POLY FILLY ottt e e 1482
POLY SHADE ... e s 1484
POLYWARP ..ottt e n e e nns 1488
POPD e 1492
POWELL ... e r e e n e e 1493
PRIMES ..o s 1496
PRINT/PRINTF oottt 1497
PRINTD oo e 1500
PRO e e e n e e 1501
PRODUCT ..ottt 1503
PROFILE ..o r e e n e n e e nn e e 1506
PROFILER ..ot 1509
PROFILES ..ot r e e nns 1512

Contents IDL Reference Guide



= N =(on S VL0 S 1514
PS_SHOW._FONTS ovvceoreeeeeeeeeseeesssseeseseesssssssessesssssssssssesssssesssssssssssesssssessssesseseees 1518
Y = Y OSSOSO 1519
PSEUDO eerevveeeeeeeeeeeeeeeeseessesesesssessssssssssssssssssesssssssssssessessssssssessssssssesssssessssesssessees 1520
PTR_FREE ..oooooooeeeeeeeeeeeeeeeseeeessseessseeeessesssseeesesssesssseesessesssssssesesssseseessssesseeeeseseees 1522
PTR UNEW wvvoeeeoeeeeeeeeeseseeessesesesesesssssssessssssssssesssssssssssessesssssessessssssssesssssessssessseseees 1523
PTR VALID ooooooeeeeeeeeeeeeeeeeeeeeesseeseseeesssesssseseessseessseeesessessesesesesesseseessssessseeeseseees 1525
T = SO 1528
PUSHD ..o eeeeeeeeeseeeeseeeeesssessseeesesesssseeeeessseessseeesessessesessesesessesesssssessseeeseseees 1530
0112115 < TSR 1531
QHULL e seseeeseseeeeseeeeeesseesseeeeseseessseses s s s sseee s seeee s e s s e seseees 1536
01210V | T 1540
012101V 1o XSS 1545
01 LY =TSO 1548
QUERY _* ROUINES ...cooreeeveeeereeeeseeeeseessessseeesessesssssesssssesssesssssesssseseessseessseeesssseees 1551
QUERY _BMP oo veeeeeeeeeeeeeeessseessesessesssesssssesessesssssesssssesssssssesessssssesnssssssssesseseees 1555
(018 = 20 5ol )Y O 1556
QUERY _IMAGE .vvveeereeeeeeeeosseesesseessesssessesesesssessssessssssssssesseesssssssssssssssssssesesssesens 1558
01U = N = = TS 1562
QUERY _IMRSID .cvvveeveeeeeeeeeeeseeessesesseessesssssesessesssssesssssesssssssesessssssesenssssssssesseseees 1563
(010 = = = [ EE OO 1566
0183 = N OO 1567
010 = = Y OSSR 1569
0L S = =T 1571
010 = = = =SS 1572
QUERY WAV .oseeeeeoseeeeeeeeesesseessesesssssssssssessessesssssesssssesssssssasessssssesnssssssssesssssees 1574
RCORRELATE .ooovvoeeeeeeeeeeeeeesseeseeeeeesseessseseessssesssessessessesesesessssesesssssessseeeseseees 1576
RUTEST cooeeeveeeeeeeeeeeeseeeeseessesessesssesssssssesessssssesesssesssseseessesssssesessssssesesnsesessssessseseees 1579
RADON ..o eeeeeeeeeeeeee e e s eeee e e sseeeeeseees s s ssesseeeeesesesseseeesseess e seeeees 1581
RANDOMN  <.cocoooreeeeeeee e ssesesesseesssesesessssssssssesssesssssssessessessessessssssssesssssesssseseseseees 1590
RANDOMU ...coooreeeeeeeeeeeeseeeeeesseeseseeeesseessseeesessssessseesessessesessesesesseseessssessseeeseeeees 1595
RANKS .ooeeeveeeeeeeeeeeeeeeesseesseseseesssesssssssesessssssssesssesssssssessesssssessesessssssesnsssessssesssessees 1600
2] = D OSSO 1602
R T Y =7 o) =SS 1603
LT 1N | IS 1606
READ_BINARY  .oovovoeeeeeeseeeesesseesssssessssssssssesesssssssssssessessssssssssssessssesnsssessssessnseees 1609

IDL Reference Guide Contents



18

READ_ BMP ...ooooreeeeeeereeeeeeeeeeessssessseeeesssssesseeessssesssseasssssessssessesseesseesesesssesssseeseene 1611
READ_ DICOM .ooevvveeoeeeeeseeeesessesesssesesessssssssesssssssssesesssesssssssssessesssssssssssesssssessesee 1614
READ_IMAGE ..ooeevveeoeeeeeeeeeeeeseeeee oo essseesseeessssesssseasssssesssseesesseesseeseseessesssseseeee 1616
READ_INTERFILE ovvvoooeesveeeeeseeessseseesesssssssessssssssssssssssssssssssssssessesssesssesssessssessesee 1618
LT DI = = 1620
READ._MRSID ooroeevvvveeeeeeseeesessssessssseessssssssssssssssssssssesssssesssssessessesssssssesssessssessesne 1624
YT o 1 = T LSOO 1627
= 7 o 1 = N TS 1629
READ_PPM ...ooooieetveeerseeeesseeeeesessessseeeeessssesseeessssesssseasssesesssssesessessseseesssssesssseesesne 1632
READ_SPR ..ovvocooeeeeeeeeeeesseessesesssesssssesssessssssesssssssssssssessesesesssssssessesssesssesssssssseesesse 1634
READ_SRF ....ocooeeeeeeeeeeeeseeseeeesessessseeeeessssesseeessssesssseasssesessssessessesssesessesssesssseesesne 1635
READ._ SYLK ooorreeeveeeeeseesseesesessesssssesssessssssessssssssssssesssssssssssssessssssessssssssessssessesse 1637
=TT o T 1= =TSSR 1641
READ. WAV .coooeeeveeeeeeeeesseeseesssesssssesssssssssssssssssssssssessessssssssssssessesssesesessssssssesseene 1649
READ._ WAVE .cooeeeveeeeeeeeeeeeeessseseseeeesssssesseeesssssssssesessesesssseesessessseesesesssesssse s 1650
READ._ XTL BITMAP ..ooreeveeeeeeeeeeseeeeesesssesseseesssseessssessesesesssssssessesssesssessssssssesseene 1652
READ_ XWD .ccooreeveeeeeeeeeseeeeeesssessseeeessssessseeeessssesssseesesssessssessessessseseesesssesssseesesne 1654
READS .o vveeeeeeeeeeeeeeeesseesseesesesssesssssesssessesssessesesssssessesssesesssssesessesssesesesssesssseeseese 1656
=LY o 10 ST 1658
REAL_PART oooooeeeeeeeeeeeseesseesessssesssesessessssssssssssssssssssessesessssssssssessesssesssessssssssessesse 1660
REBIN .coooeeeveeeeoeeseeeeeeesesseseseeeesessessseeeeseesseesseseessssessseessesesesssssssesseesseeeesesssessseesseeee 1661
RECALL_COMMANDS ..vvveeoeeeeeeeeeeeseeeeeseseessssssssssessesesesssssesessesssesssesssessssesseene 1665
= =0{0 ] Vi< TSSO 1666
REDUCE_COLORS ..vvccoresveeeeeseseessesesssssssssssssssssssssssesssssessssssssessesssesssesssessssessesse 1672
REFORM ..o eeeeeeeeeeseseeeesessessseeeseessessseeesssssesssssesesesesssssesesssesseseseessesssseesesne 1674
REGION_GROW  ..cvvveoooeeeeeeeeoeseessssseeseesssssssssesssssssssessessssssssssssesseessesssessssssssessesee 1676
REGISTER_CURSOR ....oecovveeeoeeeseeeeeesesseesseeessssssssseasssssesssssesessesssessesssssessssesesne 1679
REGRESS ..vvvvcoooeeseeeeesesseessesesesssesssesesesssessssssessssssssssssesesssssssssssssessssesssssesssssesessees 1681
REPEAT..UNTIL oovvvoeereeeeeeeeeosseeseseeeesssseessesessssesssseesessseesssessessesssessssssssesssseeseene 1685
REPLICATE ovvoooeeeeeveeeeseesseesessssesssssessessssssssssssssssssssesssessssssssssessesssessssssssssssessesse 1686
REPLICATE_INPLACE .o eeeeeeeeeeeeseeeesssseesssee s ssssssesseesseseseesssesssseseene 1688
RESOLVE ALL +errevvveeeeeeeeeeeeeossssessssseeseessssssssssssssssssssessessssssssssssesseessessssesssessssessesee 1690
RESOLVE_ROUTINE ...ooeivveeeoeeeseeeeeeeeseeeeseeessssesssseessesesssssssesseessesssessssessssesesee 1692
RESTORE .vvvvcoooeeeseeeeeeesseessesesssssesssssesessssssssesessssssssssssesessssssesssssessssssssessssssssesseesees 1694
RETALL v eeeeeeeeseeeseeeeeesseseseeeeesessesseseessssssssseesesesessssessesseesseseesesssessssen e 1696
RETURN .ot oveeoeoeeeeeeeeeeeeeeeeseesesesssesssssesseessesssessessssssssssessesesessssssssessesssesssesssessssesseese 1697

Contents IDL Reference Guide



REVERSE ... oo e 1699
L] N PP PP 1701
ROBERTS ... e 1704
RO e e nr e s n e r e nre e 1706
ROTATE oo s 1709
ROUND .. r e r e r e e r e nr e nre e nenne e 1712
ROUTINE_INFO . s 1714
RS T EST e e nr e n e r e nr e 1717
S T EST s 1720
SA NV E e e e e r e 1722
SAVGOL ..ot e 1725
SCALES e e n e r e re e 1729
SCALEBD ... s 1731
SEARCHZD ...t e e e n e 1732
SEARCHSD ...t 1735
RS I O PSP T PP 1739
SET_SHADING ..ot 1741
SETENV et r e n e e n e renn e 1743
SETUP_KEY'S ot 1744
S T PSP T PSPPI 1747
SHADE_SURF ... e 1750
SHADE_SURF_IRR ...t 1755
SHADE_VOLUME ..o 1758
RS | PP P PRPRURN 1761
SHMDEBUG ...ttt s 1763
SHMMAP e e r e nr e n e n e nre e 1765
SHMUNMARP .o 1780
SHMV AR e e r e nr e n e r e nr e e n e r e nr e 1782
SHOWS e e 1786
SHOWRFONT .ttt sr e e n e r e nr e sneenennesre e 1788
SIMPLEX . 1790
0 N PSP T PR TTPR 1795
SINDGEN ...ttt bbb nr e 1797
SINH e e r e n e renre e 1798
SIZE o e 1800
SKEWNESS ... oot e nre e e nn e sne e 1805

IDL Reference Guide Contents



20

SKIP_LUN e s 1807
SLICERS ... e r e n e e 1810
SLIDE_IMAGE ... 1830
SMOOTH e et r e n e re e s 1834
SOBEL . 1837
SOCKET ettt st r e n e e nns 1839
SORT 1844
SPAWN e e n e e 1846
SPH_APNT e s 1854
SPH S A T e e n e rs 1856
SPHER _HARM et 1859
R I | N PP P TSR 1862
SPL_INTERP ...ttt 1864
SPLINE e e 1866
SPLINE_P e 1868
SPRSAB .o r e 1871
SPRSAX s 1874
SPRSIN et e n e e 1876
SPRSTP . s 1879
R TP 1880
STANDARDIZE ...ttt 1882
STDDEV e e e 1884
STOP s 1886
STRARR e e s 1887
STRCMP s 1888
STRCOMPRESS ..ottt re e e 1890
STREAMLINE ..ot 1892
STREGEX ..ottt s nn e e n e n e e nrs 1894
STRETCH .o e 1898
STRING e e s r e e e re e nrs 1900
STRIOIN et 1903
STRLEN e e r e n e 1905
STRLOWGCASE ... s 1906
STRMATCH e e e n e re e e 1908
STRMESSAGE ...t 1911
STRMID e e s 1913

Contents IDL Reference Guide



STRPOS ...ttt ettt st b ettt b e e R et et ne st ne st be e te e eran 1915
STRPUT .ottt ettt ettt a e se b e s e s et e sesaesesesse e e seneseeseseesensnseensan 1918
S I 5 I I SRS 1920
STRTRIM oottt ettt a et se s sse s e s tesesseseseese e e seneseeseseesensnsennsan 1926
STRUCT _ASSIGN .ttt sae e s stsseseesensnsenennas 1928
STRUCT _HIDE ..ottt sttt se et ese st senansenennan 1930
STRUPCASE ..ottt ettt b e et ne st e seseesensntenentan 1932
SURFACE ...ttt ettt ettt s e e st e se st et e seese e e besesteseseesensntenensen 1934
SURFR ettt sttt ettt R ettt n et s et e e nan 1940
1Y TP 1941
1Y L SRS 1944
1Y S ST STRRRSN 1950
SWAP_ENDIAN L.ttt ettt se st s s nteneenas 1952
SWAP_ENDIAN_INPLAGCE ..ottt snens 1954
SWITCH ettt sttt b et e b et b e et e neste s e s nbe e enan 1956
SYSTIME oottt sttt st s e sesse e e b e neseeseseesennnse e nran 1958
LI O3 TSRS 1961
LI 0 L 1964
LIRS TSRS 1966
TAG NAMES ..ottt a e s et et e e ne e eneee 1969
LI TSRS 1971
17 1N R 1973
LI =L OO @ | S 1975
LI LY @2 A RS 1976
LIS AN O I 1 TS 1978
TETRA_SURFACE ...ttt sttt ne sttt nene e 1980
TETRA_VOLUME ..ottt sttt 1981
L 11 ST 1983
LI L = TS 1985
LI I 1 172 1987
LI ] TS 1988
LI L =55 S 1993
LI LA TS 1995
LI 7 S 1999
TrackBall ODJECE .....ccvoiiieeeece et s entesneene s 2001
LR AN S 2 1 2002

IDL Reference Guide Contents



22

TRI_SURF ..o s 2005
TRIANGULATE oo 2009
TRIGRID ..o e s 2013
TRIQIL iR r e e nr e n s 2023
TRIRED ..o s 2026
TRISOL oo r e r e r e e ne e nre e n s 2028
TRUNCATE_LUN oo s 2031
TS COEFR .. e 2033
TS DIFF s 2035
LIRS L7 PP 2037
TS _SMOOTH e e 2039
I PP P PSR 2042
TVCRS o s 2046
L1V X PP PR 2048
TVRD 2051
TV SCL e e 2055
UINDGEN ..o s 2058
LU TP PP RT 2060
UINTARR .o e e e 2062
ULBAINDGEN ..ottt e 2064
ULINDGEN ..ottt e e e 2066
ULONBAARR ...t e n e nns 2068
ULONARR .o s e 2070
ULONG ..t sr e e e n e s n e e e n e sne e e nnas 2072
ULONGBA ...ttt s 2074
L N PP 2076
USERSY M L. 2078
VALUE_LOCATE oottt se e sn e nneeneenne s 2080
VARIANCE ..o e e 2082
VECTOR_FIELD ..o 2084
VEL o e 2086
VELOVECT et se e sn e nnenrenneeneene s 2088
VERT_T3D i 2091
AV 1 TP PRSPPSO 2093
VORONON ..ottt s 2096
VOXEL_PROJ ... se e nnesrenneeneenne s 2098

Contents IDL Reference Guide



LT I TSP STTRURTPRST 2104
R I RS 2105
WATERSHED ..ottt bbb 2107
WAVEEE TOOIKIT ..ottt st e e ae s esee e enes 2110
WDELETE ...ttt ettt sttt e 2111
LT 3 AN RS 2112
WHERE ... ettt b et e 2115
WHILE...DO ..ottt sttt st se s ee e s 2119
WIDGET_ACTIVEX ..ottt 2120
WIDGET _BASE ...ttt st sttt a s s e s 2127
WIDGET_BUTTON ..ottt sttt s 2151
WIDGET_COMBOBOX ....oceiieuieiisiesieiesesiesieseesessessessessesessessessessesessesssssessssessessessenes 2162
WIDGET_CONTROL ..ottt ettt st 2170
WIDGET_DISPLAY CONTEXTMENU .....ocoviiiiieicene e 2211
WIDGET_DRAW ..ottt sttt sttt sttt 2213
WIDGET _DROPLIST ..ottt sttt asse s neens 2230
WIDGET _EVENT oottt sttt 2237
WIDGET _INFO ittt sttt te e e sne st sse e esesnesseneenes 2241
WIDGET _LABEL .ottt 2263
WIDGET _LIST ettt see et sttt e se e seeneneeneenes 2270
WIDGET_PROPERTY SHEET .....ocoiiiiiiriiie st 2278
WIDGET_SLIDER ...ttt sttt e st nseneenes 2290

Known Implementation Problems .........c.cccveieeieeieii e 2297
LT 1] 1N = SRS 2298
WIDGET _TABLE ...ttt 2307
WIDGET _TEXT oiieeieirie et s e seees sttt st st te e e s stessenassesnesseneenes 2323
WIDGET _TREE ...ttt sttt bbb 2333
WINDOW ..ottt sttt e e st et e e e e e ae st e se e eseeneneeneenes 2342
WRITE_BMP ..ttt 2346
WRITE_IMAGE ...ttt sttt en e enenee e s 2349
WRITE_JPEG ..ottt bbbttt bbbt e 2351
WRITE _NRIF ettt s e s nee e enes 2354
WRITE_PICT ottt ettt ettt e 2356
LT = 2358
WRITE_PPM ..ttt sttt bbb e 2361
WRITE_SPR ...ttt sttt sttt e ne st e se e neeneneeneenes 2363

IDL Reference Guide Contents



24

WRITE_SRF ...oovvoeeeeeeeeeeeeoeesesesssseesesesssseesesesssesssesesesssssseseseesssesssesssssessssenessssesssseeens 2365
WRITE_SYLK  ovvveereeeeeeeeeresesessesesssessssesseesssessssessessesssessssessssssssssssssssssesssesssesssseenns 2367
WRITE_TIFF woovveeoeeeeeeeeeeeeseeeseeseessseessseesesssssesssesesessesssesesessssessseessssessssenessssesssseeens 2369
WRITE WAV ooooooeeeeeeeeeeesessseesesssseesssesssesssessssessessesssesessssssssssesssssssssesssesssesssssenns 2378
WRITE_WAVE ..ooooeeeeeeeoseeeeseeeeesseesesseeeesssssessseeesssssssssesesessssssssesssssessssensssssessseens 2379
WRITEU ovooooeeeveeeeeseeseseesseseesssssesssessssessssesssessssessessesssesesessssssssessssessssssssesssesssssenns 2381
WVSET evveeeeeeseeseeeeeesesessseeesesssseessessssessseseseeeseesesseesseeesssessseeeseessessseeeesessessseeeseesesssees 2383
WVSHOW .ocoooeeeeeeeeoeeeeseeeeeeeseessessessseesssesssesssesssssssessesssesesesssessssessssessssssssesssessssnnnns 2385
WWTN oo eeeee e eeeeee s seee s e e s ee e e e eeesessseeeeesesesseneeesseesssenens 2387
VWV 5 ROULINES vvvveereeeeeeeeessseeessesessseeessesssssssssssssessessesssessssssssssssssssssssssesssesssesssssenns 2391
NGz Y 1 =10) i SO 2392
D DI = 17N = T =T 2394
D (D) =IO 2397
XIFONT ovvvvoeeeeeeeeeeeeeeseseeessessessssesssssesesseessssesseseessssseseeseessssesessesssesesasssesssseesesesssees 2401
XINTERANIMATE ooooeeveeeeeeeeeeeeeeesesssessseeesessesessseseesssessseeessesseesseseessssessseeesesssesees 2403
XLOADCT ovrreeeeeeeeeeseeessssseseseesssssesessssssssesssesessssssesesssessssessessssssssesssssesssseessessessees 2410
DTN X = = S 2413
XIMING._ TIMPL oo seeeeeeeseesseesesesseessssessesessssssssesssessssessessesssesesssssessseeessessessees 2422
XIMTOOL oooooeeeveeeeeeseeeseeeeeesseesseeeeeesseessseeeeessessssesesesssessseeesesseessseeessessesseeeseesseseees 2424
XOBIVIEW. eooeeeveeeeseeeseeeseesssesssssesessssssssesssessesssssesessssssssessessssssesesssssesssseeseesssssees 2426
XOBIVIEW_ROTATE vvveeeeeeseeeeereesseeseeeeeseseesssssesesseessseeessssseesseeesssssessseeesesssssees 2436
XOBIVIEW_WRITE_IMAGE .ovvvoeoreeeeeeeeeeseeeeseeeseeesseessssesssssssssesesssssssssseeessesssssees 2438
XPALETTE ooooeovveeeoeseeeseeeeesesseesssesessesssessseeessssessssseseesssessseeeeesseesseseessssessseeesesesssees 2440
XPCOLOR .coooeeevveeeoeseeesessseesseesssssessessssssssessseseesssssssesseessssessessssssssesssssssssseesesesssees 2444
XPLOTBD ooooereeeeeeeeeseeeseeeeesesseesseeeeeesseesssseessesessessseseeseessseeeesessesssseeesssssessseesessseseees 2445
XREGISTERED ..vvvveoveeeeeveeseeeseesssesesessesssssessessssssssesessssssssesssessssssssesssssessssessasssssees 2452
XIROI e vveee e eeeee s sseese e s e e e s s ee e e s s e e s eseeeeessees s e seesessseeeeesesssees 2454
DS O T 1= OO 2470
XSURFACE ... evvveeeseeeeeeeeeesssesseeeessesssessseeeseseessssseeesssessseeeeesseesseseessssessseeesesssssees 2473
XVAREDIT oooeevveoeeeseeessessessseesssesesesssessssessessssssssesesssessssessessssssssesssssesssseessessessees 2475
XV OLUME .cooevveeeeseeeseeeeeesssesseeeessessseesseeesesssssssseeesseessseseseasseesseseessssessseeesesssssees 2477
XVOLUME_ROTATE wvvvveeeeeeeeeeeeeesseesssseesessssssssesesssessssessssssessesesssssesssssesessessees 2483
XVOLUME_WRITE_IMAGE ..ovvooooeeeeeeeeeeeseeeeeeeeeesessseeseseessssssessesesssssessseeesesssesees 2486
XY OUTS covveereeeeeeeeeeeseeessessessssesssssesessssssssesssesessssssssessesssssessessssssssessssssssssseesessessees 2488
4010 Y S 2492
y4e )Y I 2494

Contents IDL Reference Guide



25

Part 1l: Object Class and Method Reference

Chapter 4:

IDL ODbject ClasS OVEIVIEW ......cccuiiiiiieeeiaiieieieieeiiiieeeee e 2499
USING the Class REFEIENCE ..o 2500
Y 1= G 2500
ATGUIMENTS ..ot e e e sre e reesneenre e 2501
Creating Objects from the Class Library ......ccccccecvevieerievieevie e se e 2502
ODJECE PIOPEITIES ...ttt sr e sb e re e 2503
Properties and the Property Sheet Interface .........coeovveeveve e 2503
Setting Properties at INitialiZation ..........ccoceoeeenireneieeieneesee e 2504
Setting Properties of EXisting ODJECES .......cccveveereerieeree e 2504
Retrieving Property SEIINGS ......cooeeeireriieeese et 2504
About Object Property DESCIIPiONS .......cccccuvverierriee e e see s e e e e e e 2505
REGISIEred PrOPEITIES ......ooviieeeeeieete et 2507
REQISLENING @ PIrOPEITY ...ocieeeeiee et sree s 2507
Registering All Available Properties ... 2507
Registered Property Data TYPES .....cccveveeieerieereeieeieeeeeseesseesessesseesneesessneessenas 2508
Undocumented ODJECE CIASSES ........coereirieririeieeeesees st 2511
Chapter 5:
ANalysis ObjecCt ClaSSEeS ......cccceeiiiiiiieieeecsst e e e 2513
1 g L 2514
T ] @ I o o= (1S 2516
IDLaNROI::APPENADELA .....cveeeeeeeiereeeieenieeieeeee ettt see e ee e e e eeseesee e 2520
T LI @ B @1 1= U o S 2522
IDLaNROI::COMPUIEGEOMELTY ....ccvieeieiiiieeee ettt 2523
IDLaNROI::COMPUEEMEBSK ....ecveeieiiiieieieesiesiestiesee st ste st ste e e se e sre e e sne e 2525
IDLaNROI::CONLAINSPOINLS .....c.eeivireeeeeereeriesieeieesee e seeseeeseesee e ereeeeseesee e eeeseesee e 2528
IDLANROI::GEIPIOPEITY .vieiviecieeieeieeieeie st s sreeesee e ste e see e sressneesreesreessee e 2530
T (@ T TSRS 2531
IDLaNROI:IREMOVEDELA .....c.covieeriieii sttt s 2533
IDLaNROI::REPIACEDALA .....c.eeeeieeieieiesie sttt 2535
IDLANROIIROLAIE ....ecueiieieiiieeieeiesie ettt e 2538
IDLANROIIISCAIR .uveieeeeieieseeiee ettt st st e e e e seeneenens 2539
D01 (@ = 1 (0] 0 o S 2540
IDLANROI:TIANSIALE ...t 2541

IDL Reference Guide Contents



26

IDLANROIGIOUP ...viiiieiiiieiieesiessieessiee s site st siee s sbee s sate s st ssbeesbessbesssbesssbeessaseessseenen 2542
IDLaNROIGIOUP ProPEItIES .....cceeoieeirieiieeene e eeas 2544
IDLaNROIGIOUR:AC ..ottt s 2546
IDLaNROIGIOUP::CIEANUP ..eeveieeeeeeeeie st e ettt eeas 2547
IDLanROIGroup::ComMPULEMASK ........ccecueeeereriececeese st 2548
IDLanROIGroup::CompULEMESN .......cceieieere e 2551
IDLanROIGroup::ContaiNSPOINES ........ccceeiereieseeiese et 2553
IDLaNROIGroup::GELPIOPENTY .....cceeiieeiieieeie ettt saeas 2555
IDLaNROIGIOUR::INIT .ottt 2556
IDLANROIGIOUP:IROALE .....ccveiitieieeiieie ettt ettt sae s 2557
IDLANROIGIOUP:ISCAIE ....ueeieviceeeee ettt sttt 2558
IDLaNROIGIOUP:: TIANSIELE .....eiveeeeeeiierieeeenie e et eeas 2559

Chapter 6:

File Format Object ClaSSES .....iiiiiiiiiiiiiieceeeeeeeerrre e 2561

IDLFFDICOM ..ttt ettt 2562
IDL DICOM v3.0 Conformance SUMIMETY ........cceceeereereereeeseseensenessessesseseesessenes 2564
IDLFfDICOM Properties ......ccocerieerieieenieisieesiee s 2568
IDLTTDICOM:ICIEANUP ...ueveviiteieeeieste sttt 2569
IDLFfDICOM::DUMPEIEMENES ....oooiiiiiiiriiinieesiee et 2570
IDLIfDICOM::GELChIlArEN ..cviieieeeeeee st 2571
IDLFfDICOM::GEtDESCIIPLION .....euvvieeeeeesieiesieiesieie st 2573
IDLIfDICOM:GELEIEMENL ......ocveeeeeeee e e 2575
IDLFTDICOM IGEIGIOUD ...cvviiieeeieresieesieesiesesseie s sessese s srese s snenes 2577
IDLTIDICOM:IGEILENGLN ..o 2579
IDLFfDICOMIGEIPArENT .....ecueviiieieneeieisiee sttt 2581
IDLIfDICOM::GEtPreambIe ........ccooeieiieee e 2583
IDLFfDICOM::GEtREFEIENCE .....coiveiieciieeieesieeseeee s 2584
IDLIfDICOM:IGEIVAIUE ..ottt sie et s neas 2586
IDLFfDICOMIIGELVR ...ttt 2589
T LI 1 1@ T 2591
IDLFfDICOMIIREA ...ttt 2593
IDLIfDICOM IRESEL ..ooviceeeieie ettt st enee e 2594

IDLFEDXE ettt ettt 2595
IDLTTDXE PrOPEITIES ...ttt 2597
T I e O = U T 2598

Contents IDL Reference Guide



IDLIFDXF:IGEICONLENTS ..ottt st 2599
IDLFFDXF I GEIENLILY ovoviieeeieieeesieeecsiesie et a e neenens 2602
Fields Common tO All SITUCIUIES ......cocovuireeirenie e 2603
SEUCELUIE FOIMELS ...ttt ettt sttt et earesae s 2604
IDLIIDXFIGEPAIEIE ....ceoneeiiiiee st 2615
1T )t 1 T SRS 2616
IDLIFDXFPULENTITY oottt s 2617
IDLFFDXFIIREAA ..ttt sttt st 2618
IDLFfFDXF:REMOVEENLILY ..ovecveeieciicieccees ettt 2619
IDLFFDXFIIRESEL .ottt st 2620
IDLIIDXFSEPAIEIE ..ot 2621
[IDLFFDXFIWIIEE ettt st st 2622
T =g To =T 1= | P 2624
IDLffLanguageCat PrOPErtiES ........ccooeeierereeeere et 2625
IDLffLaNgUageCat:: 1SV alid .......ccoociieeieeceseciese st 2626
IDLFfLaNQUagECEL::QUETY .....eoeeieieeeeeereesiesteeeee e seesee st eeeseeseeeneeeesteseesneeneeneesee e 2627
IDLffLanguageCat::SEtCatalOg ......ccccveveerrerierieriesiesiesteesieseste e eae e se e sne s 2628
1T 1 2 1 2629
IDLFFMISID PrOPErti€S ....cvecveceeeiecie ettt sttt 2630
IDLFFMISID:ICIEANUD .vvveieeieieeiesieceesiesieseeseese st sesse e sessesseseeeenesseseessenens 2631
IDLTIMISID::GEtDIMSALILEVEL ...t 2632
IDLFfMISID::GEetIMAgEDEA .....ccvevveeeeeeriesiesieeee e see e see e see e seeneas 2634
IDLIfMISID::GEIPIOPEITY ..oveceeeieciiceeesee ettt s s 2637
IDLFFMESIDINIT oottt 2640
TS =0T O 2642
Overview of ESRI Shapefil€S ......cooii i 2644
ACCESSING SNAPEFITES ... e 2649
Creating New ShapefileS ......ocoiieee s 2651
Updating EXisting Shapefiles ..o 2652
IDLFfShaPE PrOPEITIES .....oeeeeeeieieeie ettt 2654
IDLffShape:: AAdALIIDULE ......c.oeveeeeeee e 2658
T IS oo T O = T o LS 2661
IDLFFSNAPEIICIOSE ..vecveeie ettt sttt s re e e e sne e 2662
IDLTfShape::DESITOYENLITY ....cceerereerieriesiesieeeee e st e e see st e e see e 2663
IDLffShape::GELALLIDULES .....c.eccviieceeeee e 2665
[ DLFfSNEPE i GELENTILY ....ecveeeeieeeeesiececse et s 2667

IDL Reference Guide Contents



28

IDLFfShape::GEIPIOPEITY ...ccvecvecieeeee ettt st 2669
1T S g T=To L= T T 2671
IDLFFSNAPEIIOPEN ...ttt st nas 2673
T S = To T . 4 1 S 2675
IDLFfShape:: SELAIDULES .....ccveceeeeeeece e 2677
IDLFEXIMLSAX ettt sttt se e s te s e e eseesesteseeneenensens 2680
IDLFFXMLSAX PrOPErti€S ...occviivieeeeecie sttt st 2683
IDLFEXMLSAX:ALDULEDEC! ... 2687
IDLFIXMLSAX ICharaClErS ..ovcueeiiiiriiieieesesie sttt 2689
IDLFFXMLSAX:CIEBNUD .vviveeeeieieeiesiesieeeeseseesee st seesee e sseseessesessessessesassensenes 2690
IDLFFXMLSAX:ICOMIMENL ..ot 2691
IDLFEXMLSAX:EIEMENIDEC ... 2692
IDLFEXMLSAXIENACDATA ettt 2693
IDLFFXMLSAX::ENODOCUMENT .....cveiviieieeesiiriesieee st 2694
IDLFEXMLSAXIENODTD oottt 2695
IDLFFXMLSAXENAEIEMENT ...t 2696
IDLFFXMLSAXZENDENLLY .ooviieicecece ettt 2697
IDLFEXMLSAX::ENAPrefiXMapping .....cccceoveerereeeeseenieneneseseeseesesseseeseseesessenes 2698
IDLIEXMLSAXEITON oottt 2699
IDLFEXMLSAX::EXterna ENtityDEC] ......cceeeieiriereeeeesiesiesee et 2701
IDLIFXMLSAXFAEIEITOr ..o 2702
IDLFFXMLSAX: GEPIOPEITY ..vovveeeeeeeieieeeesesie et 2703
IDLFFXMLSAX::1gnorabl eWhIiteSPaCE ........covvveiveeieie et 2704
IDLFFXMLSAXINIT oot 2705
IDLFFXMLSAX::INternal ENtityDEC] .....ocvveeeeieceeee e 2706
IDLFFXMLSAX:INOt@iONDEC! ......ocvereeieieeiesiiiienieeee et 2707
IDLIFXMLSAXPAISEFIIE ..o 2708
IDLFFXMLSAX::ProcessingINStrUCtioN ........ccccceeeerieeeieeiieesiesee e ses s sreeseee e 2709
IDLFFXMLSAX::SEPIrOPEY ..vocveeeeciecieeeiee sttt 2710
IDLFFXMLSAX::SKIPPEAENTILY ...cvvevereeeeeeresiisieneeesieseeseesesesseseeseeseeseseesseseesessenes 2711
IDLIEXMLSAX SEATCDATA ottt 2712
IDLFFXMLSAX::StartDOCUMENT ......evveieeeeesiirieieeeieseesee et es 2713
IDLFIXMLSAX SEAMTDTD oottt 2714
IDLFFXMLSAX: :SEAEIEMEN .....cevieereeeeeesere e 2715
IDLFFXMLSAXSEAENLLY ooviiveceeece e 2717
IDLFEXMLSAX::StartPrefiXmapping .....cooceeeeeeeeeene e 2718

Contents

IDL Reference Guide



IDLFEXMLSAX::StOPPArSING ...ccveviiieeesiesteseeee ettt 2719
IDLFEXMLSAX::UNparSedENtityDECl ......cceeeeiievieieireseeesese e 2720
IDLFFEXMLSAXIWAEINING ooveceieieccceesees ettt sttt s sne e 2721
Chapter 7:
ITOOIS ODJECt ClaSSES ...ciiiiiiiiitiiieiee ettt 2724
10 ]I (g1 7= P 2725
IDLitComMMaNd PrOPEITIES ......c.eecveeieeie et see e s 2727
IDLItComMMand:: AdAITEM .....eeeeiiiciceeees e 2728
IDLitCommMaNd::ClEaNUD .......cceecveeieeieeieeieeeeeeeesee e see e e e e sae e s esreesneesre e e 2730
IDLItCOMMANG::GELITEIM ..ot 2731
IDLitCommand::GEIPrOPEIY ....cceecieeieee ettt 2732
IDLItCOMMANG::GELSIZE ....ooveeeceeeeiee st eee sttt see e 2733
IDLItCOMMANG:IINIT ..t 2734
IDLitCommand::SEtPrOPEITY .......ooeeeiriirieieeeesie e 2736
IDLITCOMMANASEL .....eoieeeieeieie ittt sttt st b e et enes 2737
IDLitCommMandSet PrOPErtiES .......cccveeririeieeeesie st 2739
IDLitCommandSeL::ClEaNUD .....cceeceeeiierieie e e esee et see e e s sre e e 2740
IDLItCOMMANASEL::GELSIZE .....eeveviieieeeie sttt 2741
IDLItCOMMANASELINIT ..ot 2742
[DLITCOMPONENL ...ovieeiieiiriesieseeeeeste e b e e bbb e e s b n e s saenneneenes 2743
IDLitCOMPONENt PrOPEITIES ......occveeieeieeiecie e seeeeeseesee e e e s e e sreesne e e 2745
IDLitCOmMPONENt:iClEANUP ...c.couirieiieeiirie ettt e 2748
IDLitComponent::EditUSerDefProperty .......ccccvoveiereeesiesee e ses e sree s e 2749
IDLitComponent::GetFUlTAENtiTIer ........cocooeriiiereeee e 2751
IDLitComponent:: GELPIOPEITY ......ccceeveeieerieerieeseeseeseesteesteeseeeseeenteeteeeeeneeeeeens 2752
IDLitComponent::GetProperty AttribULE ...........cooireiieireseeeree e 2753
IDLitComponent::GetProperty By ldentifier ..........ccccecv i 2754
[DLItCOMPONENEITNIT .ottt 2755
IDLitComponent::QUENYPIOPEITY .....cocuveeueiieereseeeieeseeseesteeseesie e e e sreesreesreeseee e 2757
IDLitComponent::REgiSLErPrOPEITY ........ccvereeereriereeieeese st 2758
IDLitComMpPonent:: SEtPrOPEITY ....c.ecceevieeeiie e e eseesee e see e e e s sreenre e 2763
IDLitComponent:: SetProperty AttribULe ..o 2764
IDLitComponent:: SetPropertyByldentifier ........cccoccevevvcevcr v 2765
1 ]I (O]9 = = TSP 2766
IDLItCONtAINEr PrOPEITIES .....occveevecieeieeiesieeteseeeseesee st s e e sreesreesneennee e 2768

IDL Reference Guide Contents



30

Contents

IDLItCONtAINEI AT ...ttt 2769
IDLitContainer:: AddBYIdentifier .........coeeoeriieieeee e 2770
IDLItCONtAINEr:ICIEANUD ...eoveiectiee ettt ste et s snas 2771
1D (O] g1 =11 o €T 2772
IDLitContainer::GetByIdentifier .........cccveveveie i 2774
1 ]I (@01 =1 1= o 1 o 1 R 2775
IDLItCONtAINEr IREMOVE ....ocviiieieiieierieieeee sttt 2776
IDLitContainer::RemoveBYldentifier ..........ocovreeoenieii e 2777
[DLITD@IA ....eeeveiveieneeiisiesie ettt ettt b e st s b ettt b et be b see e ene b 2778
IDLitDEta PrOPEITIES ......eeeeeeieieeeeeiesie sttt sttt enee e 2780
IDLitData:: AddDAtaODSEINVES ......ccoviriiieiresiisie ettt 2782
F L= = O == L o LS 2783
T ( L 7= 0] o VS 2784
IDLItDAa :GELBY TYPE ...ueeveivereeeieiesieseeseeeesestesee e e e seeseeseesessesaessenessessessensesessenes 2785
[IDLItD@A I GEID@LA .....c.eeeeveierienieiesie sttt s 2786
DB = €= 1 (0] Y/ 2787
[IDLItD@A IGELSIZE .....veveeeiiesiesiee sttt sttt 2788
1 I = = T S 2789
IDLitData::NOotifyDataChange ........ccceveiueeeeiesie ettt 2791
IDLitData::NotifyDataCOMPIELE ........ooeieeeee et 2792
IDLitData::ReEmMOVEDAIBODSEIVES .....cc.ooveierieiiirierieesie st 2793
I LDz = S = B - - LSS 2794
IDLitData:: SEPIOPEITY ..ocveciecviceeeeece ettt sttt enas 2795
IDLItDEIACONTAINEY ... .eeoteiteeeeeeeeeeeeeeeeeseesteseeeneesee e sseeseesaessesseeseessesseeneeseeseessesneensens 2796
IDLitDataContaiNer PrOPEIMIES .....ccccveiieitieeese ettt st 2798
IDLitDataContaiNer::ClEANUP .......cererereeeeererieeeeee e see e eeee e see e eee e eneeseas 2799
IDLitDataContaiNer::GEIDELA ..........ccvereeereririerieese s 2800
IDLitDataContainer::Getldentifiers .......cooorereneeeee e 2801
IDLitDataContainer:: GEtPrOPEITY .....ccccviveeieiesie ettt 2802
IDLitDataContaiNer =Nt .......ccoeeeeeeeieseee et 2803
IDLitDataContainNer::SEtD@IA .......ccceverreriereeeririe st 2805
IDLitDataContaiNer:: SEtPrOPEITY .....c.eieieeerereeeeee et 2807
IDLItDEAOPEIGtON ......eecveivieieeeeite st seeiesre st eteste e e e ae s e sresseesaestesreeseessesresreennesens 2808
IDLitDataOperation PrOPEITIES .......cccoieieeiereie et 2811
IDLitDataOperation::ClEANUD ......cccccveieiieeiere e s ete e sre et e e seas 2812
IDLitDataOperation::DOEXECULEUI .........ccceeiiiiieeee e 2813

IDL Reference Guide



IDLitDataOperation::EXECULE .......ccecveeieeciecieceee et 2815
IDLitDataOperation::GEtPrOPEITY .......cocoiereeiere e eieee et 2817
IDLitDataOperation:: 1Nt .......cccceceeeeie st enne s 2818
IDLitDataOperation::SEPIOPEITY ......cccoceiererieiese et 2820
IDLitDataOperation::UNJOEXECULE ........ccvcveieieieeie e 2821
T T2 o T oo 2823
IDLitIMESSaging ProPErties .......cceiuiieeeieesiecieseesee sttt te sttt s 2825
IDLitIMessaging:: AddONNOLtI fYODSEIVES ........cocevviereeere e 2826
IDLitIMessaging::DOONNGLITY .....coceeveeciceece e 2828
IDLitIMessaging::ErrOrMESSAgE ........cooeruerierieriesee e eieeie et 2830
IDLitIMeSSaging::GEtTOO! .....cccccviuiieieieesesieseesee ettt e 2832
IDLitIMessaging::ProbeStatlUSM ESSAgE ........ceueereerieriereeeiesie e 2833
IDLitIMessaging::ProgresSsBar .........cccvvvieeeece it 2834
IDLitIMessaging::PromptUSEITEXE .....cccooeriiieieie e 2835
IDLitIMessaging::PromptUsSerY €SNO .....cccvceeveieviesecese et 2836
IDLitIMessaging::RemoveOnNOtifyObSEIVEr .........ccoceeveivieeeeee e 2837
IDLitIMessaging::SIGNAIEITOL .......ccceeieieciiciesee ettt 2838
IDLitIMessaging:: StAlUSM ESSAGE .......ceveerurriereiereeseesieeieeeesieseeeeeee e e e eeeneesee e 2839
T IV =TT U (o O 2840
IDLitMani pulator PrOPErtiES .......cooiieereeeieeie e 2842
IDLItMani pulator::CIEANUP ....cvecveiiieieieesie e eteesee sttt re et st sne e 2848
IDLitManipulator::CommitUNdOVaUES .......c.ceveiiiereeene e 2849
IDLitMani pulator::GELCUISOITYPE ....veeeeeereseeereesrestesteestesiesteereesestesresseesessesreens 2851
IDLitMani pulator::GELPrOPEITY .....cooeeieereerieeeere et 2853
IDLItManipUlEEOr:: I NIt .....ccveeeeeececc e s 2854
IDLitManipulator::OnKeyDoard ...........ccooeeeeiereie e 2856
IDLitManipulator::OnLoseCurrentMani pUlELOr ..........ccccevevieeeerieseseeeeeesee e 2858
IDLitManipulator::ONMOUSEDOWN .......coiueriireieieriesieeeeeie e seeeeeeeesie e e e see e 2859
IDLitManipulator::ONMOUSEM OLION ......ccecueeieiieiieeecie et 2861
IDLitMani pulator::ONMOUSEUD ......ooeeeieeieieeiere e see e 2863
IDLitManipulator::RecordUNdOVaAlUES .........cceevevivvieriieese et 2864
IDLitManipulator::SetCurrentMani pUIELOr .........cccovereerenrre e 2866
IDLitMani pulator:: SEtPrOPEITY .....eceeceeieecieeeeie ettt ee et sre e eneennens 2867
IDLitMani pulEEOrCONTAINEY .........eeieeireeiteeere et e e sne e seeseeenes 2868
IDLitManipulatorContainer Properti€s ........vvvevevevieseecese et 2870
IDLitMani pulatorContaiNer:zAdd .......oooeieireeiere e 2871

IDL Reference Guide Contents



32

Contents

IDLitManipulatorContaiNer::GELCUITENT .......cceeeeieriecieceeriese e 2872
IDLitManipulatorContainer::GetCurrentM ani pUlator ...........cooovereereeerenrereeennenns 2873
IDLitManipulatorContainer:: GEtPrOPErtY ......ccccveeeceerese e 2874
IDLitMani pulatorContaiNer::INit ..........cooeeeereie e 2875
IDLitManipulatorContainer::OnKeyboard ...........ccccceeveveeeeeeciese e 2877
IDLitManipulatorContainer::ONMOUSEDOWN .......cccceiiiiieeieene e 2879
IDLitManipulatorContainer::ONMOUSEMOLION ......cccccvvveeeerierieie e 2881
IDLitManipulatorContainer::ONMOUSEUD .....covvveeeeeenieiieeieeeeeesieseeeeee e seeeee s 2883
IDLitManipulatorContaiNer::SELCUMTENT .......ccooeeeeeee e 2884
IDLitManipulatorContainer::SetCurrentManipulator ..........cccccovevveeeeereneneeeeeen. 2885
IDLitManipulatorContainer::SEtPrOPEY ....ccccoveeeeeie et 2886
IDLItMani pUlEEOrMENAJEY .......cveieireeeieee et e et sre e seeseeseeeneeneens 2887
IDLitManipulatorManager PrOPerties ........ccocvveeeeeeie et 2888
IDLitManipulatorManager:: Add ........coceoeeeereeeeeee e 2889
IDLitManipulatorManager:: AddM ani pul atorObSEIVEr ........ccccvvvveeeeceecieieeien, 2890
IDLitMani pulatorManager::INit .......cooeieeeereee e e 2891
IDLitManipulatorManager::RemoveM anipulatorObserver .........cccecvvvveiveeennn. 2893
IDLItMani PUIEEOIVISUBL ......ooueeieiiieeeeeie et e st enee e 2894
IDLitManipulatorVisual PrOPErties ........ccccceveiieeeeiese sttt 2895
IDLitMani pulatorVisual::CleaNUD .....ccceoeeierere e 2897
IDLitManipulatorVisual::GEtPrOPErtY ......cccccevieeeeeese e 2898
IDLitMani pulatorVisual: INIt .......ooeooeieeeeee e e 2899
IDLitManipulatorVisual::SEtPrOPErtY .....cccveveveieeeese e 2901
T (@] o7 {0 o USSR 2902
IDLItOPEration PrOPEITIES .....ccviveeeeieiiesieeeesie e se sttt snas 2905
IDLitOPeration::ClEANUD .....c.ooeieeeeeerie ettt 2907
IDLitOPeration::DOACHON ....cceceeeeee ettt s 2908
IDLitOPeration::GEtPrOPEITY .....cccoeieieeeeee st 2910
IDLItOPEration:: NIt ....cceeeeieeece e 2911
IDLitOperation::RecOrdFiNalValUES ........c.ccoviieieeee e 2913
IDLitOperation::RecordINitial ValUES .........ccocvvvieeieie et 2915
IDLitOperation::RedOOPEralion ..........coeeeerereeeeese et 2917
IDLitOPeration:: SEtPrOPEITY ....ocvceeeeeciesieeerie sttt ettt st 2919
IDLitOperation::UNdOOPEralioN ..........ccoeeeeerereeeeiese e eeeee e eee e eeas 2920
[DLITPAraMELES ...ttt sttt bbb st nbe s 2922
IDLitParameter PrOPErti€S .......ooeeoieieieieeere ettt 2924

IDL Reference Guide



IDLitParameter::ClEaNUD ......ccceieeeeiiesieseeeesestesteeieese st s e e et s re s eaesre e ennennens 2925
IDLitParameter::GEtParaMELEr .......ccceeiiieeieeeieee et cetee et eteeeeteeeteeeeveeesaeeeenae e 2926
IDLitParameter::GetParameEterSEL ......coocvicvieiiieecee et 2927
IDLItParameter::INit .......oooveeeiee ettt et e ateeeneeeenes 2928
IDLitParameter::OnDataChangelupdate ..........cocevvvierieeciesnse e 2929
IDLitParameter::OnDataDiSCONNECL .........ccveeeveeeireeeieeeeeeeeeeeeeeeeree e e e e ens 2931
IDLitParameter::RegiSterParameter ..........cocvveeveiesiesecce s 2933
IDLItParameter::SEtDaaA ......ccoveeeeeeiiee et ettt et e etee e eteeeteeeebee e sare e enre e 2935
IDLitParameter:: SEtParameterSEt ..ot 2937
T A = 01 = S 2939
IDLitParameterSet PrOPEITIES ......ccviveeieerieiieciese sttt 2941
IDLItParameter SEEIAUD ....oveeeieei ettt sre e sre e 2942
IDLitParameterSet::ClEaNUP ...c.cccveiviieieieesiesiesteeree st te et re et st sne e 2944
IDLitParameterSEt:iCOPRY ...ooeeeererereereeseeseeseeseeseestesseesseseeseeeseeeessessesneeneessessesns 2945
IDLItParameEter SELIGEL ....ooiviecieerecre ettt st sb e sbe e b 2946
IDLitParameterSet::GEtBYNEME ........cooeiiiiiiee e 2948
IDLitParameter Set::GetParameterNamMe .......ccvevveieecee i 2950
IDLItParameterSEt::INIt ......oeeeeeeee et et et ens 2951
IDLitParameter SEL:REMOVE ....ocveciecece ettt st st 2953
T == [ 2954
IDLItREAEr PrOPEITIES ....cvieeceeeiecte ettt st s 2956
IDLItREAAEr::CIEANUD ..ottt st neeneas 2957
IDLItREAEN I GEIDELA ......veecveecveeteete ettt et s sreesbeesbeeeree e 2958
IDLitReader::GetFIIEEXIENSIONS .......coocveiiiieciee ettt ettt e 2959
IDLItREAdEr::GELFIIENAME ....ccvecveeieeeee et s ere e 2960
IDLItREAEr::GEIPIOPEITY ..ooveeeeeieeieeeeieese e ree ettt 2961
IDLITREAENINIT .oeceveeieecieccte ettt st esreesbeesbeeebe e 2962
T A== [ G £ AN 2964
IDLItREAEr::SEFIIENAME ...ttt be et 2965
IDLItReader::SEPIOPEITY ...oc.eeeiieei et 2966
T T I 1 Vo OO UOOOR 2967
IDLItTOOl PrOPEITIES ....cooveeieieeeeeiesie ettt sttt see e e e 2970
T T T I To R 2o (o [OOSR 2973
IDLItTOOl:ACUSENVICE ..ot ettt ettt ettt 2974
T T oo G = i T o 2975
IDLItTOOl::COMMULACHIONS ....ooeeveeeree ettt ettt ettt et et 2976

IDL Reference Guide Contents



34

IDLItTOOl::Disabl€UPAELES ......cceeeeeeiieiiecee e 2977
10Ty oo B To VAN w1 o o RS 2978
IDLItTOOl::DOSEIPIOPENTY ..c.veviceieeeeeecie sttt 2979
IDLItTOOlI::DOUISEIVICE ...ooeeieieeeeeeesie sttt sttt 2981
IDLItTOOl::ENabIEUPAEALES .......ocvveeeeieciesiicee ettt 2982
IDLitTool::GetCurrentMani PUIALOT ...........ooeeeireeeeese e 2983
IDLItTOOl::GEtFIEREAAEN ......ceeeeeiiiiiriieeere e 2984
IDLItTOOl::GEIFITEWIITEY ....eieiieeeeeeee sttt 2985
IDLItTOOl::GEtMaNI PUIBLOTS .....cveeeeeieciesiecee et st 2986
IDLItTOOl::GELOPEIELIONS ....eoveieeeeeeesiesieeeerie e eteeee e eeeeeee st sne e e eeesne e eneeseas 2987
T g oo R €= (0] Y 2988
IDLItTOOl::GetSEl@CtEAITEMS ......eeeeeeee e e 2989
[DLITTOOI: IGEESEIVICE ...ttt sttt 2990
IDLItTOOl::GEtVISUAIZBLION ....oceieeeeeeieiteeee st 2991
IDLITTOONTNIT et st 2993
IDLitTool::RefreshCurrentWindoW ...........ccooeveeeeeere e 2995
T T oo I =T T = RS 2996
IDLitTool::RegisterFileREA0Er .......ccoiiieeee e 2999
IDLItTOOl::REQISLEIFIEWIITEr ..ot 3001
IDLitTool::RegiterMani PUIELOT ..........ccoeeeeeriieeeeieie et 3003
IDLitTOOl::ReQISLErOPErGLION .....eceeeeeieiteceeie ettt 3005
IDLitTool::RegiSterVisualiZation ..........ccccecereieeeeese e 3007
IDLItTOOI::SEPIOPEITY ..ocvevecvicee ettt st 3009
IDLItTOOI: I UNREGISIEN ...ttt sttt 3010
IDLitTool::UnRegisterFIleREAdEY .......ccccvveeeiieceeee e 3011
IDLitTool::UNREQIStErFIEWIITEr ..o 3012
IDLitTool::UNRegiterManiPUIGLOr ..........ccevevieiieeieriesie e ettt 3013
IDLitTool::UNREQIStErOPEration ........cccceeeeereiieeeeiesie e eeee e 3014
IDLitTool::UNRegiSterVisualiZation ..........ccceceveeeeieese e 3015
5 R SUSRRR 3016
T I (O = (0] 0= 1= 3018
IDLitUI:: AddONNOLI fYODSEIVEN .....cuevveieeeesiiriesieeee st 3019
T LI (0 = o 3021
1] E (0] 5 To Ao £ o o S 3022
T (O B €= (o]0 Y SRS 3023
1 ]I (] = I o | S 3024

Contents

IDL Reference Guide



IDLitUL::GEtWIdgetBYNGAIME .....c.ccvvieeeeeieciesieee sttt 3025
T 1 TSRS 3026
IDLItUL::REQISLEIUISEIVICE ...ttt 3027
IDLitUI::REGISEEIWIAGEL ...oveeeeeeeeieiese et s 3029
IDLitUl::RemoveONNOtifyODRSEIVES .......cccceeieiecieece et 3031
[IDLItUL::SEtPrOPEIY vvevieveeeeieiesesieeecsiesieseees et se s s seeae e e e seessenens 3032
IDLItUL::UNREQISLENUISEINVICE ...ttt 3033
IDLitUI:UNREGISLENWVIAGEL ...ocvvveeeeeeeieiesiesieeee et 3034
[IDLITVISUBITZBLION ...veuiieiieiesiesieeeeste ettt ettt 3035
IDLitVisualization PrOPEItiES .......cccooeeieererieeiere et 3038
IDLItViSUaliZatiON:I A ....o.eeeeiiieieeerie st 3041
IDLitVisualization::AQQregate .........cccevceeeeeeerereeeeeeneeseeseeeeseeseeseeaeseeseesneeneens 3043
IDLitVisualization::ClEaNUP ....cccveiviieeeieesiesiestiesee sttt ste sttt st 3044
IDLItViSUali ZBHION:IGEL ..o.veeeeieeeciesiececeie sttt e s 3045
IDLitVisualization:: GetCenterROLaiON .........cccecererieririreneeeses e 3047
IDLitVisualization::GetCurrentSelectionVisual .........cccccevvveeeeeienenc e 3049
IDLitVisualization::GEtDataSPace ........cccceevereeveresiesieeiese e eeeseste e 3050
IDLitVisualization::GetDataStIiNg .......cccocveeeeererereeeere e eeeee e 3051
IDLitVisualization::GetDefaultSel eCtionVisual .........cccocevereevirenineneeieneseniees 3052
IDLitVisualization::GetMani pulalorTarget ........ccccvveeeererereeeeseene e 3053
IDLitVisualization::GEtPrOPEITY ......cccceevieriiiieie st se e et st 3054
IDLitVisualization::GetSelectionVisSual .........cccccevvvereereniene e 3055
IDLitVisualization::GEITYPES ..eccveiviieeeieesiesiesieesee sttt sieste e re et ne e sne e 3056
IDLitVisualization::GetXY ZRaANGE .....ccceveriirierese et 3057
IDLItViSUaliZatiON:INIT .eoveeeiieieiesieeecsie st 3059
IDLItViSUaliZatiON::IS3D ...ccveeeeeeeereiriesieeeiesiesieseeesse st seesesseseeseesaenessesseseeneenessesnas 3060
IDLitVisualization::1SISOtrOPIC .....eceeeveeieeiiecieie sttt 3061
IDLitVisualization::ISManipulatorTarget ..........cccoceeeeeereneneeeeiene e 3062
IDLitVisualization::ISSEIECIE .......ccveiririiieere s 3063
IDLitVisualization::ONDaaChange .........ccoeeeererereneerese e 3064
IDLitVisualization::ONDataCoOMPIELE .......ccvevvieveiicieceees e 3065
IDLitVisualization::OnDataRangeChange ............cceoeeeereieriereseseee e 3066
IDLitVisualization::REMOVE .......ccooureeiriirierieire e st 3067
IDLItViSUaliZation::SCAE ......ccovereieiiieieerie e 3068
IDLItVisualiZation::SEIEC ....c.coiiiieiciresiese et 3070
IDLItViSUaliZation::SEL3D ....cccveereeeeiriesiesieeeesteseeseesessesseseesessesseseeneesessessessenens 3072

IDL Reference Guide

Contents



36

Contents

IDLitVisualization::SetCurrentSelectionVisual ...........ccceveevveeiveceeieeieeseesreeenenn 3073
IDLItViSUaliZation::SEIDELA .........ccovveiveeiiee ettt eaee s 3074
IDLitVisualization::SetDefaultSelectionVisual ..........cccceeeevieieeceeieecee e, 3075
IDLitVisualization::SetParameterSet ........oooveeeeeeee e 3076
IDLitVisualization::SEtPrOPEITY ....c.coceeeiiieeeee e 3077
IDLitVisualization::UpdateSelectionVisual ..........ccccooevveeeiereneneeeee e 3078
IDLitVisualization::ViSTOWINGOW ......ccoeeireeirieitieiiereecteeee ettt sree e 3079
IDLitVisualization::WindOWTOVIS .....ceeeceeeie ettt et 3081
IDLITWINAOW vttt ettt ettt s be et s ae e s e e saeesabesanesbeesbeesbeesaeesreenneas 3083
IDLItWINAOW PropPerties .....ccooiiieeeiesesiee et 3086
IDLITWINAOW: AU ..ottt s sbe e b sae s 3095
IDLitWindow:: AddWindoOwWEVENtODSENVES ........ccocieiceeecieeeeee et 3096
T Ty AV T gl (o R @ == 1 o S 3097
IDLItWINdow::ClEarSEIECHIONS ........occveeiieeciee ettt 3098
IDLItWINAOW: IDOHITTESE ...ecvieiiecieeieete ettt st sre e b sne s 3099
IDLItWINAOW: :GEIEVENIIMBSK .....ccveeiicieceicee ettt st st sbee v s 3101
IDLItWiNAOW:: GELPIOPEITY ...cviiviceeeiecie sttt s 3103
IDLItWiIindow::GetSEleCtedItems ..........oecveeieieeeeeee et 3104
IDLITWINAOW:TNIT .ottt et st sreesbeenae s 3105
IDLItWIindow::0ONKeyboard .........cccccoeeceeiieie et cres s ste e se s sree e sree e 3107
IDLItWINdOW::ONMOUSEDOWN .......cccvieieeieerecre v eieeeee e sresseessessseesreesaeesreesneas 3108
IDLItWIindow::ONMOUSEM OLION ......cccveeiiieciieetee ettt 3110
IDLItWIiNdOW::ONMOUSEUPD ....ocvveeieiiiiesieceee ettt st 3112
IDLItWINAOW::ONSCIO ...ttt ettt 3114
IDLItWINAOW: IREMOVE ...ttt ettt et ettt 3115
IDLitWindow::RemoveWindoOWEVENtODSEIVEY .........ccoeeeveeeeveeereeecreeeee e 3116
IDLItWIndow::SEtCUIMTENTZOOM .....occvieiieieere et eee st st e e sbee b e sbeesreas 3117
IDLItWINAOW: :SEIEVENIIMASK ......ccveiiieie ettt et st ssres v e sreeene s 3118
IDLitWindow::SetMani pulatorManager .........oceeeeeevevieseeeecienteseeeesee e 3120
IDLItWindOW: : SEtPrOPEITY ...ocveieeeeeeesiesieee et 3121
IDLItWINAOW::ZOOMIN ...eoiviiitieitie ettt ettt ettt et et besar e saeesaeesneeeneas 3122
IDLItWINAOW::ZOOMOUL .......oeeeueeeitieeceteeciee et e eteeeeteeeeveeereeeteeebesenneeeeneean 3123
T I AL € (= GO 3124
IDLItWIILEr PrOPEITIES ...ooeeeeeieeee ettt eeas 3126
IDLItWIHLEr::CIEANUD ..oveeeeeieie ettt sttt st nas 3127
IDLitWriter::GetFIEEXIENSIONS ......ooecuveeiiee ettt 3128

IDL Reference Guide



IDLItWriter::GetFIlENAME ..o 3129
IDLItWIIter::GEtPrOPEITY ...oceeeeeieieeeeeree et 3130
IDLIEWIIEEIIINIT et 3131
IDLIEWIITEIIIISA ettt 3133
[IDLItWIILEr:iSEIDELA ...cveeveeieeiiseeteesiee st 3134
IDLItWIIter::SEtFilENaIME .......covieeeceeseeee e 3135
IDLItWIILEr::SEtPrOPEITY ..veeeeieciiceeie sttt sttt st st enaennens 3136
Chapter 8:
Graphics ODbject ClaSSES ......ccccccuuiiiiiiiiiieeeeee e 3137
IDLGIAXIS ettt ettt ettt b et b et e et et b b e s b n s 3138
IDLOrAXIS PrOPEIMIES ....eeviecieeciecieeie ettt e ee e s s e e sneesreesneenne e e 3140
IDLOrAXIS:ICIEANUD ...veviiiieiriieiesiee ettt st 3161
IDLGITAXIS: IGEICTM ..ottt 3162
[IDLOrAXIS: I GELPTOPENTY ...veeeeieiieeerieieicsie sttt s 3164
T I A= 1 o 3165
[IDLOrAXIS::SEPrOPENTY ..o.veeeeieiieierieeeierie sttt e 3167
[IDLGIBUITEN ettt 3168
IDLOrBUITEr PrOPEITIES ......eeeieeiieieieierie sttt e 3170
T [ =0 = O 1= T o 3175
[IDLOrBUFTEIIIDIGW ..ttt 3176
T =0 = = P 3177
IDLgrBuffer::GEtCONtIQUOUSPIXEIS ......coeieieiriinie et 3178
IDLrBuffer::GetDeVICEINTO .....ccuecieee e e 3179
IDLOrBUFfer::GEtFONINAIMES .......ccccooeeiriirieieeresie e 3181
IDLOrBUffer::GEPrOPEITY .....cceeieee et 3183
IDLOrBuffer::GetTEXIDIMENSIONS ......ccoiiieeeeriesee et 3184
]I =10 = e 3186
IDLOrBUFTErzPICKD@LA ......oveueeieieieeeesie sttt 3188
T =0 = i = o 3191
IDLOrBUFTEIIISEIECL ... 3192
IDLOrBUfer::SEtPrOPEITY ..ocveeceeee ettt st 3194
IDLGrCIIPR0AIA .....c.ooeieieiiieiteieeeese ettt 3195
IDLQrCliphoard Properties ......cccvcieeieeii et esee st 3197
IDLGrClipboard::ClEAaNUP .......ccooeriieeiriesieeeee e 3202
]I | @ 1T ol o o o ] = 3203

IDL Reference Guide Contents



38

IDLgrClipboard::GetContigUOUSPIXEIS ........covviviiieiee e 3207
IDLgrClipboard::GetDeVICeINfO ........oceiueeeeeeeee e 3208
IDLgrClipboard:: GEtFONINAIMES ........ccceiviieerieie et 3210
IDLGrCliphoard::GEtPrOPEITY .....coceeeeieeieee et 3212
IDLgrClipboard::GetTeXtDIMENSIONS ......cccevieriieieeiere e 3213
IDLGrClipoard::INit ......oocoeee e e 3215
IDLGrCliphoard:: SEtPrOPErTY ....cecceeciecieceeese sttt 3217
1 ]I (] o]1 o= USSR 3218
IDLGrColorbar PrOpErties .......cccveeeieieiiecese ettt st 3221
IDLGrCOlorhar::ClEAaNUP .....cooiieeeeeeee et 3231
IDLgrColorbar::ComputeDIMENSIONS ......cceevueiieeieeieie et 3232
IDLQrColorbar::GEtPrOPEITY ....oceeeeeeeeeie ettt 3234
1T Io (@] Lol o= 5o 1 11 TS 3235
IDLQrColorhar:: SEPrOPEITY .....ooeeeeeeeesieee et 3237
10 I £ @ g1 L PSR 3238
IDLGrCONtOUr PrOPEITIES ....c.eeeiieeeeeeesie et see sttt e e e e 3241
IDLgrContour::AdjustLabel Off SELS ......ccveceeiiiicecee e 3266
IDLGIrCONtOUr: CIEANUP ...eeeeeieieeeeeie et ee ettt e e e enee e 3267
IDLOrCONtOUr:GEICTM oiiiii ettt sreesreenne s 3268
IDLgrContour::GetLabel INfO ......cooiieieeeee e 3270
IDLGrCONtOUr::GEIPIOPENTY ..vveiveeieeieeiecieete e st ee e s e e sreesreesres 3272
10T I (@01 o | 5 1 3273
IDLGrCONtOUr::SELPrOPEITY .oocvveiveecieeieeie et ete et see e e sreesreesnes 3275
IDLGIFONE ettt et ettt et st s ab e saeesae e e be e sae e saeesaeenaeas 3276
IDLGIFONE PrOPETIES ..oviceeeieiicte ettt st 3277
1T I o o O =1 o TR 3279
]I g e o 1= 1 0] 0= SR 3280
1T I o T 1 3281
IDLQOrFONL:: SEPIOPEITY ..vveiveeiieeieie ettt st snae e 3283
IDLGITMBOE ...ttt ettt ettt bttt et e st e sab e saeesaeeebe e sae e saeesaeanneas 3284
IDLGIMAgE PrOPEIMIES ...o.eeeieie ettt st 3287
T T g Fagt= o o O == o R 3300
]I g4 0=Te = 1= (O 1Y SR 3301
IDLOrIMAage::GELPIOPEITY ...ooceeiiiiieeie ettt st sae s 3303
T ]I g = o 5 1 T TS 3304
IDLOrImMAage:: SEPIOPEITY ....ooceeieieieee ettt 3306

Contents

IDL Reference Guide



T ]I = 1= oo P 3307
IDLQrLegend PropErtiES .......ccocceiiriereneseeee e s sie e see st et see e e e see e 3310
IDLQrLegend::ClEANUD ......oceeeeiece ettt sttt st sne e 3320
IDLgrLegend::ComputeDIMENSIONS ......cceeeerererieeeeeeseseeeesee e seeee e seesneeneens 3321
IDLQrLegend::GEtPrOPEITY .....cccciiiieeieesie st sttt sttt s 3323
1T I =" 7= oo 5 1 S 3324
IDLQrLegend::SEtPrOPEILY .....cccceiiieeieesie sttt e 3326

] T | S 3327
T T Ie [T 1 B = 0] 0= (=R 3329
T T I T 1 == | o S 3336
IDLGILIGhE:IGEICTM ..ottt e e 3337
IDLQILIgt::GEIPrOPEITY ....eoeeeeieeeiee ettt seeeneeneens 3339
0TI o 1 S 3340
DT Io BT g S (0] 0= SR 3342

1T I 1Y oo = P 3343
IDLQIMOCEl PrOPErtiES ....oveieeeeieiesie ettt 3345
T T Io 1Y oo L= B0 o (o R 3351
T T Io 1Y oo (= B @ "= o 1 o SO 3352
T T Io 1Y oo (= B B SRR 3353
DT Io 1Y FoTo (o B ©1= =Y NN =0 3354
T T Ie 1Y oo (= B €= (O I 3356
DT Io 1Y ToTo (o B ©1= L [0] 0= o SR 3358
T T Io 1Y oo (= o T S 3359
IDLOIMOGEL:ZRESEL ...ttt nnas 3361
T T Io g1V o0 (= B o] - = 3362
IDLGIMOGE]:ISCAIE ...ttt eneenee 3363
IDLQGIMOCE!:: SEPrOPEITY ...ocveceeeieciicieeiee ettt s 3364
T T Io 1Y o0 (o Bl I =0 = (SR 3365

IDLOIMPEG ...ttt sttt sttt bbbt 3366
IDLGIMPEG PrOPEIMIES ...c.eiieeeieieeieeeeeree e see ettt e e e 3368
T T gAY S == U o 3375
IDLOrMPEG::GEIPIOPEIY ...ecuveveeiesieeeeiriesiesieseeesieseeseesessessessesessesseseenessessessessenens 3376
T I AV i 1 T SR 3377
IDLOIMPEG:IPUL ...ttt sttt e e e snensenens 3379
IDLOIMPEG:ISAVE ...oiiiiiiiiiieie sttt see sttt te et sre et ste et esbe e enaeenaeeeeen 3380
IDLOrMPEG::SEtPrOPErtY ....ooceeeieeieeie ettt 3381

IDL Reference Guide Contents



40

[DLOIPAIELLE ....ccveeieeeeieierieie ettt sttt bbb st nbe s 3382
IDLQrPalette PrOPEItIES .....cooveeeeeeeeeeeseeeee ettt 3384
IDLQIPalEtte::ClEANUD ....eceeeieie sttt sttt s enas 3387
IDLOrPAELE:GEIRGB .......ccceieeeieieeieriesieeeese et 3388
IDLQrPalette::GEtPrOPEITY ...oocveceeeeeee ettt nas 3389
T T I == = T 3390
IDLQrPalette::L0adCT .....ceeieiiceeceee et 3392
IDLQrPalette::NEareStCOION ......oiueeeeeesesie ettt 3393
IDLQIPalEtte::SEtRGB .......ccieiiceceee e et 3394
IDLQrPalette:: SEPrOPEITY ...eeoveeeeeeeeeeie sttt 3395

T I = £ =1 SR 3396
IDLQrPattern PrOPEITIES .....ccooiieieieeeeiesieee ettt 3398
IDLGIPatterN::ClEANUD ....ceeveieite ettt eese et sttt snas 3401
I DLQrPattern::GELPIOPEITY ....c.eeivieieeieeie ettt 3402
T T Ie [ == 1= 0 1 T T 3403
I DLQrPattern: SEtPrOPEITY ....ccoeeiiieieeieeie ettt ettt 3405

0TI = o PSP 3406
DT Vo 0] 0= =SS 3408
T T Ie = Vo = U o TS 3422
1] I [ = (o) S 1=, (O I 1Y S 3423
T Ie [ = Vo B €= (0] Y/ 3425
0TI g o 1 TS 3426
T T Ie g Vo S 0] 0=l Y 3428

1 T I o Yo T o TSR 3429
IDLQIPOIYQON PrOPEMIES .....veviceeceeecte sttt sttt st 3431
IDLGrPOIYQON::ClEANUP .. .eeeeieieeeeeieeieste ettt eeas 3450
IDLGIPOIYQON::GEICTM ..ottt sttt st 3451
IDLQrPOlYgON::GELPIOPEITY ..c.veieeeeeeeriesieee ettt 3453
T T Io = o1 Yo T 1 o TR 3454
IDLQrPOlYgON:: SELPrOPEITY ...oveieeeeeeesiesie ettt eeas 3456

IDLGIPOIYIING oottt sttt ae e a e s resreennentens 3457
IDLQIPOIYIINE PrOPEIMTIES ....eeieieee ettt 3459
IDLGIPOIYINE:CIEANUP ....eeuvetictieeeie ettt sttt st nas 3475
IDLOrPOIYINE GEICTM ..oviiiieieeeie ettt 3476
IDLGrPOIYIINE: :GELPrOPEITY ..oviiveeeeeeecte sttt 3478
]I o V2 1 =3 1 3479

Contents IDL Reference Guide



IDLGrPOIYIINE:: SEtPrOPEIY ...ecveeieiti ettt s 3481
0TI 1= S 3482
T T g 1= g = (0] 0= = 3484
T T o 1= o O = T o R 3490
T T Io g 1= G I = Y 3491
IDLgrPrinter::GetCoNtigUOUSPIXEIS .....ccoviuiiieere e eieeie e 3494
IDLGrPrinter::GEtFONTNAIMES ......cccvieieieesiecie sttt 3495
IDLGIPriNter::GEtPrOPEITY .....ooeerieieeeeeree et 3497
IDLgrPrinter::GetTEXtDIMENSIONS ......ccccceiveieieriesiesiesieeiese et ee e 3498
T T I g 1= 5 1 S 3500
IDLGrPrinter::NeWDOCUMENT .......ccoceeieeiecieseeeee et 3502
IDLGIPrNEr:INEWPAOE ......ooeeeeeeieeie ettt 3503
IDLGIPrinter::SEtPrOPEITY ..oceceecieceiceeiee ettt st e 3504
1 | 3505
T T Ie [ (@ I = o o] (1= 3507
IDLGrROI:CIEANUP ..eveveieeeieie et ste et s se st ee e seensenens 3516
IDLOrROI::GEIPIOPEITY oveeiviecieeieeieeieeie st eee s eee s saesaee e e e s sneesreesreessee e 3517
1] 1 @ | 1 1 SO STRSSS 3518
IDLGIROI:PICKVEITEX .ottt s 3520
IDLOrROI::SEIPIOPEITY ...veeeieieeieeie ettt ettt sb e sbe e 3522
IDLOIROIGIOUPD .eeeveeiteeieeieesieesieesseesieesseeseesssssesssessesssesssssssesssessesssesssesssesssesssesssessns 3523
IDLQrROIGIOUP PrOPEItiES ...ccueiiieieeeeeesieseeeee ettt 3525
T T Io [ (@] [ € 0T8T 502 o (o H 3532
IDLGrROIGIOUP::ClEANUD ....eeeeeeieieieeeseesiesieeece et ee e ee et e see e e e 3533
IDLOrROIGrOUP::GELPIOPENTY ..eeveeieeieeiieieetesieeeseeseeste e see e saessreesreesseessee e 3534
IDLGrROIGIOUP:INIT ..ttt 3535
IDLGrROIGroup::PICKREJION .....oocviiieeeiecesteee ettt 3537
IDLOrROIGroUp::SELPrOPEITY ..ocveeieeieeie ettt ettt 3539
T I 2o 1= SRR 3540
IDLQIrSCENE PrOPEITIES ..ottt sne e e e 3542
T T Io o = 1= AN o (o RS 3545
T T Ie S o= T @1 1= T o LS 3546
IDLOrSCene::GEtBYNEITIE ......ccveieeieeieeie sttt ses st sreesreesreesne e e 3547
IDLOrSCENE::GELPIOPEITY .....ooiveeieeieeie ettt ettt sr e b sae e 3549
T T Ie o= 1= 1 o R 3550
IDLOrSCeNe::SEtPIOPEITY ..cocueeieeeieeieesiee ettt ettt e n e e e 3552

IDL Reference Guide Contents



42

T ]I U g = YT SSSN 3553
IDLQrSUrface PrOPEITIES .....ccueieeieeeeeie ettt 3555
IDLQrSUrface::ClEANUD ....c.ccvivieieee ettt eeas 3575
IDLGIrSUface :GEICTIM ..ottt sttt 3576
IDLQrSUrface::GEtPIrOPEIY ...ccvceeeecece ettt 3578
IDLGISUIMACEINIT ..ottt 3579
IDLQrSUrface:: SEtPrOPEITY ....ccvieeeeee ettt st 3581

0TI 5 o] o SRS 3582
IDLGrSymbol PrOPErtiES .......ccvvvieieieciesiecese ettt 3584
IDLGrSYmMBOL:iClEENUP ..eoueeieeieeeeeeeiesteee ettt 3586
IDLGrSymbol::GEPIOPETY ...ccveiveeeeeeeciecie e sttt 3587
1T I 5 001 7] 1 1 R 3588
IDLGrSymbol::SEtPIrOPEITY ...ccvvcveeeeeece et 3590

T T g = | (o USSR 3591
IDLQITesSallator PrOPErtIES ......ccccveieeiieiiicese sttt st 3594
IDLQrTessallator:: AddPOIYgON .......ccoiiiieee e e 3595
IDLGITesSallator::CIEANUD ....ccvceeeece ettt st 3597
DT Ie T I= = | ) i 1 R 3598
IDLQITESSElAtOr:iRESEL .....ccveviciiceee et 3599
IDLQITesSallator: TESSAIALE .......ccceieieieeee et 3600

10 I 1 = PSR 3602
IDLGITEXE PrOPEITIES ..o.eeeeeeieiieee ettt ettt 3604
T T Ie T = o O =g LU o TS 3619
1] | = o €T (O I 3620
]| G S T L 0] 0= SR 3622
1T g = 1 S 3623
IDLOITEXt:: SEPIOPEITY .vveiveeiieeiieesieesee e ee ettt e snaesneas 3625

IDLOIVIOW .ottt sttt st ne st e e e sseste st eseenessessenaeseesesseneeneenensens 3626
IDLGIVIEW PrOPEIIES ....oceeeieii ettt sttt st sns 3628
1 ]I Y= Y Y o o 3635
IDLGIVIEW:ICIEANUD oottt sttt ettt st s a et b e e 3636
IDLGIVIew::GEtBYNAIME ......ocoiiieeeeresieee ettt 3637
IDLGIVIEW: :GEPIOPEITY ...ocveviceeceeee ettt sttt st enas 3639
T LI Y= T o 1 TS 3640
IDLGIVIEW::SEPrOPEITY ...occvecviieeceete ettt st 3642

[DLGIVIBWGIOUD -euveeeeeeeneesieeieeeeee st sueeeeseeseeeaeeneeseeseeeseeneesaessesneeseessesseeneesseseessesneensens 3643

Contents IDL Reference Guide



IDLGrViewgroup PrOPEITIES .......cccviieieieciesiese et 3645
IDLGIrVIiewgroUp: :AAd .......ooeeeeee e 3647
IDLGrViewgroup::ClEANUD ....ccceceiirieieesiesiesteeseesre e steestestesre e ese e sresseesessesneens 3648
IDLGrViewgroup::GEtBYNAME ........ccceieiiiiieere et 3649
IDLGrViewgroup::GEPIOPENY ....cccccceieeieeieiesesteeeere e seeee st eae e ennennens 3651
T T Io YA T= 11V | £0]H o 1 1 1 S 3652
IDLGrViewgroup::SEtPIOPEITY .......cccceveieeeeie ettt 3654
1T I Yo 10 1= P 3655
IDLGIVOIUME PrOPEITIES ....ocveiicieeeee sttt sttt 3657
IDLGIVOIUME:ICIEENUD ...t eieeee ettt see e e e e 3674
IDLgrVolume::ComputeBOoUNGS .........coceeveiiiiieieie et 3675
IDLGIVOIUME:GEICTIM ...ttt 3676
IDLGrVolumMe::GEPIOPENTY ....c.eecveciiceieieesie sttt s 3678
IDLGIVOIUMETNIT ...ttt ee e 3679
IDLGrVOolUME:PICKVOXEl ..ot s 3681
IDLGrVolumMe::SEtPrOPEITY ...ooeeeieieeeeeieesiese et 3683
IDLOIVRML oottt sttt sttt sttt 3684
IDLGIVRML ProOPerti€S ...ceooieeeieeieiieeeeeree ettt ee e 3687
T T e Y Y @ == 0 o 3693
IDLOIVRMLIDIGW .veiiieieieieee et ste et sse e nessesseseeseneesessessenens 3694
IDLGrVRML::GEtDEVICEINTO ..ot 3695
IDLOr'VRML::GEFONINAIMES ......eiiiieieeie ettt 3697
D] QYA \Y I €T (o o] o= £ YR 3699
IDLGrVRML::GEtTEXIDIMENSIONS .....coeeiveeiieieiesiesieeteeie e ee e e e ee e e 3700
IDLGIVRMLEINIT oottt et 3702
IDLOIVRML::SEPIOPEITY ....ooeeeieeie ettt 3704
1T Y T T [0 P 3705
IDLGrWindOW Properties ......coeioeiiiieiereseeee e s 3707
T T Ie AV T gl [0 Y R @ 1= U o R 3717
IDLGIWINAOW:IDIBW ....oeiiieieeeieiesie e ree st see st see e eseeeesteseesneeeeeesee e 3718
IDLGIWINAOW:EIASE ..ottt sttt s 3719
IDLgrwindow::GetContigUOUSPIXES .......ccuviieieiiieeeeere e 3720
IDLGrWindow::GetDeVICEINO ........cccveieiecece et 3721
IDLGrWindow::GEtFONINAIMES .........ccceieierieiesieeieeeeee e e e see e eee e e eneeneens 3723
IDLGrWindOw::GELPIOPEITY ...c.cocviiviieieieeciesieseesee sttt st 3725
IDLGrWindow::GetTEXIDIMENSIONS .......ccceoeererieriereeeenieseeee e e seeee e seesseeneens 3726

IDL Reference Guide Contents



44

IDLGrWIindOW::ICONITY ...cueeiiieicieece et 3728
IDLGIWINAOW:INIT ..ottt 3729
IDLGrWindOW::PICKD@La ......cccevveeeiiecieiiecese ettt s 3731
IDLGrWINAOW: REAA ..ottt 3734
IDLGIWINAOW::SEIECE ...oceeeieiecee ettt st 3735
IDLGrWindow:: SEtCUMTENECUISON ......cceiveeeereereeeeeeeeseeseeeeeeeeeesee e eeeeeseesneeneeseas 3737
IDLGrWindOW::SEtPrOPEITY ..ccvocveeeeiecie sttt sttt st 3739
IDLGIWINAOW: I SNOW ....eeeeeieiieiieceie ettt st enee e 3740
Chapter 9:
Miscellaneous Object ClaSSEeS .....ccccvvvvviiiiiiiiiiieeee e 3741
0] I 1 =1 = 3742
IDL_CoNtaiNer PrOPEITIES ....c.ooveeeeiieierieieeeesesie ettt 3743
1] I o1 =1 = 52N (o 3744
IDL_CoNntaiNer::ClEANUP .....ocveiveeieieitereerieeeesesee ettt 3745
1] I O] =1 = 5 0 11 | 3746
1 ]I @0 g =T = e . R 3747
0] I @51 =1 U= 1 3749
IDL_Container::1SCONLAINE .........cceovereiieeierierieseeiese e et sees 3750
1] I o] =1 U= 5 Y, o 1Y 3751
IDL_CONtaiNEr::REMOVE ....cveviieieieiesie st ste e see st se et sne e eae e sneeneesees 3752
IDLCOMALCHIVEX ..ttt sttt sttt s be st e e e be b eaeeseeseesbesneeeens 3753
IDLCOMACEIVEX PrOPEITIES ...ttt 3754
IDLCOMIDISPAICH ....eoeeeeeeeceee e e nne s 3755
IDLcOMIDISPatC PrOPErtiES .......couvriiriiieieesiesieeeese et 3757
IDLcomIDIispatCh:: GEtPIOPEITY ....cecceeieeie et 3758
IDLCOMIDISPACNIIINIT ...t 3759
IDLcomIDispatch:: SEIPrOPErtY .....cccccveieeie e s 3760
[DLJAVAODJECE ...ttt sttt b e st b sre e enenne s 3761
IDLjavaOhj€Ct PropPErti€S ....cccveieeciecie et ete sttt s e e sreenne s 3763
IDLjavaObjeCt::GELPIOPENTY .....ccceirrereeieeeesiesieseee et 3764
T2 V7= (@ o = o 1 3765
IDLjavaObjeCt::SEtPrOPENTY ......ccveerrerieieeeestesie ettt 3767
LI @ 4= - 3769
TrackBall PrOPEITIES ......cceuiriiieieeieiesesee e 3770
TrackBall:lINIT ...t 3772

Contents IDL Reference Guide



TraCkBall:lRESEL ... e e 3773
TrackBall:zUPAELE .....c.coeeeeeeieeee et 3775
Part 11l
Appendices
Appendix A:
IDL GraphiCs DEVICES ..cccieeeeiieieeeeeeeeeit e e 3781
SUPPOIE DEVICES ....oeveeeeeie sttt sttt sttt e st s r e ae e te s besreeneeneneesneens 3782
Keywords Accepted by the IDL DEVICES ......ceevvieiieieere e 3784
WINAOW SYSLEMS ...ttt sttt st s a e st s e e e snesreens 3824
2 F 0 o [ o = S 3824
Image Display On Monochrome DEVICES .......ccccevvvieieecieie e 3826
Printing GraphicS OULPUL FITES ........cooveiie e 3827
Setting UpP The PHNEr ..o 3828
Positioning GraphiCS OULPUL ..........coeieeeeresereeiese e eeeree et e e see e e eseeseeseeas 3828
Image Background COlOr ........ccviieieieie ettt s e 3829
THE CGM DEVICE ..ottt sttt st st e et sreeneenaeeesneeneeneas 3830
ADilities and LIMItalioNS ......ccccoveeririererini e 3830
TREHP-GL DEVICE ..ottt ettt sttt sttt sae e e seeseeseeeneenaesnesneas 3832
ADIItieS AN LIMITATONS ....oouiiiirieieieririesee st st 3833
[ I 1= Y =S 3833
The Metafile Display DEVICE ......cccvvuieieieecice sttt et 3834
The NUIl DiSplay DEVICE ......ooiieeee ettt sne e 3836
THE PCL DEVICE ..ottt sttt sttt sttt st na e 3837
THE PHINIEN DEVICE ..ttt st e e s aesnenneas 3839
The POSESCIIPE DEVICE ...ttt sttt reene s 3840
USING POSESCIIPE FONLS ...ttt seeas 3841
(00 Lo g = 01 1S ] o ST 3841
POSESCIipt POSITIONING ...coeiiiieieiere et 3843
Importing IDL Plotsinto Other DOCUMENLS ......cccvvveiieeiesececeeese e 3847
The RegiS TErMINal DEVICE .....cc.eeeeeie ettt st ene e e e 3852
DefaultsS fOr REJIS DEVICES .....oceevieiiiciecese ettt sne s 3852
REQIS LIMITALIONS ...ccveeieeiecieese et et ae e sttt ene e snaesnnesnee s 3852
The TEKITONIX DEVICE ...ttt st b e 3853
The DEVICE Procedure For Tektronix Terminals ........ccoovveveeeenenencese e 3853
TeKIroniX LIMITALIONS ....coevveeeieriiriereeeeie sttt 3853

IDL Reference Guide Contents



46

Tektronix Device LIMItatioNS .........ccoevieeireninieeeese e 3854
The Microsoft WiNdOWS DEVICE ......cc.eeeiiiiiieeerese et 3855
The X WINAOWS DEVICE .....c.eeuiriiriirieieesiesie ettt 3856

X WINCAOWS VISUBIS ..ottt sttt ne e saeseeseeeneeeens 3856

USING COlOr UNEr X ..ottt ettt st 3859

USING PIXIMEPS ...ttt s eeseestesneeeeseeseeeneensentesaeeneeneenes 3861

How Color is Interpreted for a TrueColor Visual ........ccccecveveveveceecese e 3863

Setting the X Window DefaUltS .........ccooieeeiiieceeere e 3864
The Z-BUFfEr DEVICE ....ocueiiierieste ettt 3865

Reading and Writing BUFEIS .......ooiiiiieeeeee e 3866

Z-AXIS SCAIING .veeveeeeieitieieee sttt te e st e st e ea e e e tesre e e saesreereeneenren 3866

POIYTIT PrOCEAUIE ... 3866

Examples UsiNg the Z-BUFfer ........cccccoiiieeiese e 3867
Appendix B:

Graphics KeYWOITS ...oooviiiiiiiiiiiie ettt 3871
BACKGROUND .....ooiiiii ittt ettt e s vee e sree e st ae e s e snte e sre e sreeenns 3872
CHANNEL .ottt sttt st saeeeneenens 3872
(O 1 o S 17 SR 3873
CHARTHICK ettt st s ene s 3873
I ST PURSRN 3873
(@@ I USSP 3874
D 1 RS 3874
DEVICE ..ottt ettt sttt st nne st s neenenrens 3874
[\ 3875
LINESTYLE oottt sttt et s s nne s 3875
NOCLIP .ttt sttt e e e se s tesae s eseesesbesaenaenennens 3876
N[5 7 I ST PSSRN 3876
I L N 3877
NORMALL .ottt sttt st s et ne e sentesee e eseenesbesaenennennens 3877
L0 = V17N I O SRS 3877
@ 1 N I3 ST PSRSRN 3877
PSY M ettt n e a et e neeaenae e eneas 3878
SUBTITLE oottt st ene s 3879
) 1Y/ 74 RSSO 3879
LI5S 5 SRS 3879

Contents IDL Reference Guide



LI ! TSRS 3880
LI L - = S 3880
LI LI RSP 3880
[XYZJCHARSIZE ...ttt sttt st saenne s 3881
[XYZ]GRIDSTYLE oottt sttt sttt nenne s 3881
[XYZIMARGIN ettt sttt e et eaesae e 3881
3 274 Y11 N ] OO 3881
S AL N N = 3881
38 274 151 12 1 =S OO 3882
A 1 I [ 3882
28 274 L0 ] = E OO 3882
[XYZ] TICKFORMAT ..ttt sttt e et seesee st ene e eesaenneas 3883
[XYZ]TICKINTERVAL oottt sttt 3885
[XYZ]TICKLAY OUT eoiiieieerie ettt st ne et seeseesnesneeneeseeneeas 3886
XY ZITICKLEN ..ot eese e sss s sse s sne s 3886
[XYZ]TICKNADME ...ttt st saenae s 3887
XY ZITICKS oot es e esse s se e s es e 3887
[XYZ]TICKUNITS ettt e e neeseesee e 3887
38 74 L0 2O 3888
S 27 1 L =S OO 3888
S 3888
A7 L S 3889

Appendix C:

Thread Pool KEYWOIdS ......coiiiiiiiiicceieeeeeeeiiee e 3891

Appendix D:

System Variables .......ooooeeiiiiicii e 3893

What Are System VariableS? .......cccooviieieie et 3894

Constant SyStemM VariableS .........cooiiiiiee e 3895
D PSR PPRR 3895
D I | 3895
YN PSSR 3895
I PSS 3895
TRADEG .ottt bbb r e ar e nre e e 3895
Y L 3895

IDL Reference Guide Contents



48

Error Handling System VariableS .......ccoveiiiieece et 3897
S 3897
TERROR_STATE .ottt sttt 3897
(] S 3898
TERR_STRING ..ottt sttt sttt 3898
32 = 2 S 3899
IMOUSE ...ttt sttt 3899
IMSG _PREFIX ..ttt sttt nne s 3900
ISYSERROR ...ttt sttt bbb 3900
ISYSERR _STRING ..ottt st naene s 3900
IWARN bbb et b e bbbt b b 3900

IDL Environment System VariableS ......coo oo 3902
TCPU ettt b e bbb e 3902
5 3903
IDLM_PATH ettt 3904
= I N S 3905
THELP _PATH ettt st 3905
@ U S 3906
IMAKE _DLL ottt st st 3906
0 S 3908
FPATH bbb bbb bbb 3909
@ 1Y & S 3910
TQUIET ettt sttt 3910
RV S S 3910

Graphics System Variables .........cccveieieiiceeeee e 3913
IC SyStEM Vi@l ..ot 3913
ID SystemM Variable ......cocceeieiiiiceee et 3913
IORDER SysStemM Variable ......cccveiiiieeieesesese e 3917
IP SystemM Variale ......cc.eceeieiece ettt 3917
IX, 1Y, 1Z System VariableS ... 3921

Appendix E:

15 B @] o T=T = 1o ] £ PR 3929

MathematiCal OPEIELOIS .........cceveereerieree s s e se e rte e ee e e rae e rreeaeenesneesneesneeenes 3930

Minimum and Maximum OPEIELOIS .........cceeerireriereeereseseesesese e seesessesnes 3932

= (D@ = = o (= 3933

Contents IDL Reference Guide



(oo Lo I @) o 1= (] £ 3934
TS @) o1 (] = 3935
RElatioNal OPEIELOrS .....cecveeieeiiiiiecieee sttt e ettt st b e st ereeneresreens 3937
(@1 0Tc g0 o= = (o (= S 3938
(@ 01C = (0 gl 1= o= L= o S 3940
Appendix F:
Special CharacCters .......oooivuiiiiiiiiiiiiee e e 3943
EXClamation POINE (1) .oveveeeeeiseseeesesee s 3944
F N 001 (o o] o L= T 3945
S 4 oo Lo o I () SO URU PSR TRPPP 3945
D0 =TS o T ) TSRS 3945
QUOLELTION MK () cveeeeeieeierte et e 3945
[ 1T I TS 3945
AMPEISANG (&) wouveeeierririerieieeiere ettt et b e b e e b na e ne e 3946
(700 o I 5 IO 3946
FN = 1S Q) TSSO SSSSRP 3946
F N O o o I (o) I 3946
QUESEION MK (?) vttt 3947
Appendix G:
RESEIrVEd WOIAS ..ottt 3949
Appendix H:
O NS e 3951
(@< V= PSR 3952
Fontsin IDL Direct vS. ObjeCt GIraphiCs .........cccverererierieieeenesiesieeeie s 3953
IDL DireCt GraphiCs .....cccveiieiiecie ettt ee et sne e 3953
DL ODJECE GIaPhiCS ...cveveeeieriieiesieeeiesi et 3953
ADOUL VECION FONES ..ottt st st ens 3954
USING VECION FONES ....cveieiieieieieeie ettt 3954
SPECITYING FONE SIZE ..t e 3954
[SO Latin 1L ENCOAING ...veivieeeriinierieieiirie st e 3955
Customizing the VECIOr FONLS ........cccvveriiieiiesecsecsees et 3956
ADOUL TIUETYPE FOMLS ...ttt 3957
USING TIUETYPE FONLS ....cuveeieeiee ettt snnennee s 3958
SPECITYING FONE SIZE ... 3958
Using Embedded Formatting Commands ...........cccecerveeievresiiescen e ses e seeseeens 3959

IDL Reference Guide Contents



50

IDL TrueType FONt RESOUICE FIlES .....cecuveeieceeeeese e 3959
Adding YOour OWN FONES ......cooiiieeeesese e 3960
Where IDL Searches for FONLS ..o 3960
ADOUL DEVICE FONLS ...ttt sttt e et ne e e seeseeseeeneeneens 3962
Which Device FontsS Are Availabl€? ... 3962
USING DEVICE FONLS ..ottt ettt et s neenes 3963
Fonts and the POStSCIIPE DEVICE ......cccvevviiieeeiese et s 3964
(@ gTl0 LS T gl =N o oL 1Y/ o= S 3969
F N 0] 1= = (o USSR 3969
Three-Dimensiona TransformMations ..........cccoooeveeiereneneeeeree e 3969
0T 7= o ] LY SO 3969
CoMPULALTONEL TIME ...ttt re e e 3970
L LSl o1 1TSS 3970
PHNt QUAITEY et ene e sae s nne s 3970
Embedded Formatting Commands ..........cccceveveriieieseniece e 3971
Changing FONtS Within @ StrNG .....ccoiiiieeie e 3971
PosSitioning COMMANGS ........cceiveiieiieeese ettt s e s 3973
Formatting Command EXAMPIES .......coceeieiiiiieeee e 3975
F AN @0 10101 =Y Qo (U= 1 Lo o S 3976
Vector-Drawn FONt EXaMPIE ......ooeeiieieese et 3977
TrueTYPE FONt SAMPIES ..ottt sttt sre e e 3980
VECLOr FONE SAMPIES ...ttt e e seeeneeneens 3983
Appendix I
ODbSOlete FEAtUIES ....uvviiiiiiiiie et e e e e 3993
What Are ODSOIELE FEAIUINES? ........ociieiiieie ettt 3994
Routines Obsoleted iN IDL 6.0 .....cccccveveeeiinesieere et 3995
Routines Obsoleted iN IDL 5.6 .....ccoociiiiiiiieeeeee e 3996
Routines Obsoleted iN IDL 5.5 ... 3997
Routines Obsoleted iN IDL 5.4 ..o e 3998
Routines Obsoleted iN IDL 5.3 ....ccooiiiiieere et 3999
SDF Routines Obsoleted iN IDL 5.3 ..o 4000
What is DFSD and Why Are We ObSoleting 117 ........coccoerineneneieseneseeeeee 4000
Routines Obsoleted iN IDL 5.2 ..o 4001
Routines Obsoleted iN IDL 5.1 ..o iieieereseeesee e et 4002
Routines Obsoleted iN IDL 5.0 ..o 4003

Contents IDL Reference Guide



Routines Obsoleted in IDL 4.0 OF Barlier ......cccoviveirine e 4004
Obsolete Arguments and KEYWOITS .........cooeieiieiere e 4010
Obsolete SysSteM VariablES ........cceeieiiiiece et s 4015
Obsolete GraphiCS DEVICES .....c.ceoieriiiiiieie et ree ettt see e e e e see e 4017
IO EX i a e 4019

IDL Reference Guide Contents






Chapter 1:
Overview of IDL Syntax

This reference isacomplete listing of al built-in IDL functions, procedures,
statements, executive commands, and objects, collectively referred to as
“commands.” Every IDL language element that can be used either at the command
line or in aprogram islisted alphabetically. A description of each routine followsits
name.

Note
Descriptions of Scientific Data Formats routines (CDF_*, EOS *, HDF_*, and
NCDF_* routines) can be found in the Scientific Data Formats book.

Routines written in the IDL language are noted as such, and the location of the . pro
file within the IDL distribution is specified. You may wish to inspect the IDL source
code for some of these routines to gain further insight into their inner workings.

Conventions used in this reference guide are described below.
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The following table lists the elements used in IDL syntax listings:

Element

Description

[ ] (Square brackets)

Indicates that the contents are optional. Do not include the
bracketsin your call.

[ ] (Italicized square
brackets)

Indicates that the square brackets are part of the statement
(used to define an array).

Argument

Arguments are shown in italics, and must be specified in
the order listed.

KEYWORD

Keywords are all caps, and can be specified in any order.
For functions, al arguments and keywords must be
contained within parentheses.

/IKEYWORD

Indicates a boolean keyword.

Italics

Indicates arguments, expressions, or statements for which
you must provide values.

{} (Braces)

¢ Indicates that you must choose one of the values they
contain

* Enclosesalist of possible values, separated by vertical
lines(])

* Encloses useful information about a keyword

¢ Definesan IDL structure (thisisthe only casein which
the braces are included in the call).

| (Vertical lines)

Separates multiple values or keywords.

[, Valuey, ..., Value,]

Indicates that any number of values can be specified.

[, Valuey, ..., Valueg]

I ndicates the maximum number of values that can be
specified.

Table 1: Elements of IDL Syntax
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Elements of Syntax

Square Brackets ([])

Content between square brackets is optional. Pay close attention to the
grouping of square brackets. Consider the following examples:

ROUTINE_NAME, Valuel [, Value?] [, Value3]: You must include Valuel.
You do not have to include Value2 or Value3. Value2 and Value3 can be
specified independently.

ROUTINE_NAME, Valuel [, Value2, Value3]: You must include Valuel. You
do not have to include Value2 or Value3, but you must include both Value2 and
Values, or neither.

ROUTINE_NAME [, Valuel [, Value2]]: You can specify Valuel without
specifying Value2, but if you specify Value2, you must aso specify Valuel.

Do not include square brackets in your statement unless the brackets are
italicized. Consider the following syntax:

Result = KRIG2D( Z [, X, Y] [, BOUNDS=[xmin, ymin, xmax, ymax]] )
An example of avalid statement is:
R=KRIG2D( Z, X, Y, BOUNDS=[0,0,1,1] )

Note that when [, Valuey, ... , Value,] islisted, you can specify any number of
arguments. When an explicit number islisted, asin[, Valuey, ..., Valueg], you
can specify only as many arguments as are listed.

Braces ({})

For certain keywords, alist of the possible valuesis provided. Thislistis
enclosed in braces, and the choices are separated by avertical line (|). Do not
include the braces in your statement. For example, consider the following
syntax:

READ_JPEG [, TRUE={1|2|3}]

In this example, you must choose either 1, 2, or 3. An example of avalid
statement is:

READ_JPEG, TRUE=1

Braces are used to enclose the allowable range for a keyword value. Unless
otherwise noted, ranges provided are inclusive. Consider the following syntax:

Result = CVTTOBM( Array [, THRESHOL D=value{ 0 to 255}] )
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An example of avalid statement is:
Result = CVTTOBM( A, THRESHOLD=150)

Braces are also used to provide useful information about a keyword. For
example:

[, LABEL=n{label every nth gridline}]
Do not include the braces or their content in your statement.

Certain keywords are prefaced by X, Y, or Z. Braces are used for these
keywords to indicate that you must choose one of the valuesiit contains. For
example, [{ X | Y}RANGE=array] indicates that you can specify either
XRANGE=array or YRANGE=array.

Note that in IDL, braces are used to define structures. When defining a
structure, you do want to include the braces in your statement.

Italicized words are arguments, expressions, or statements for which you must
provide values. The value you provide can be anumerical value, such as 10, an
expression, such as DIST(100), or a named variable. For keywords that expect
astring value, the syntax is listed as KEY WORD=string. The value you
provide can be a string, such as'Hello' (enclosed in single quotation marks), or
avariable that holds a string value.

Theitalicized values that must be provided for keywords are listed in the most
helpful terms possible. For example, [, XSIZE=pixels| indicates that the XSIZE
keyword expects avalue in pixels, while

[, ORIENTATION=ccw_degrees from horiz] indicatesthat you must provide a
value in degrees, measured counter-clockwise from horizontal.

Procedures

IDL procedures use the following general syntax:
PROCEDURE_NAME, Argument [, Optional_Argument]

where PROCEDURE_NAME is the name of the procedure, Argument is arequired
parameter, and Optional_Argument is an optional parameter to the procedure.

Functions

IDL functions use the following general syntax:

IDL Syntax
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Result = FUNCTION_NAME( Argument [, Optional_Argument] )

where Result is the returned value of the function, FUNCTION_NAME is the name
of the function, Argument is arequired parameter, and Optional _Argument isan
optional parameter. Note that all arguments and keyword arguments to functions
should be supplied within the parentheses that follow the function’s name.

Functions do not always have to be used in assignment statements (i.e.,
A=SI N( 10. 2)), they can be used just like any other IDL expression. For example,
you could print the result of SI N( 10. 2) by entering the command:

PRI NT, SIN(10.2)
Arguments

The “Arguments’ section describes each valid argument to the routine. Note that
these arguments are positional parametersthat must be supplied in the order indicated
by the routine’s syntax.

Named Variables

Often, arguments that contain values upon return from the function or procedure
(“output arguments”) are described as accepting “ named variables’. A named
variableissimply avalid IDL variable name. This variable does not need to be
defined before being used as an output argument. Note, however that when an
argument calls for anamed variable, only a named variable can be used—sending an
EXpression causes an error.

Keywords

The “Keywords® section describes each valid keyword argument to the routine. Note
that keyword arguments are formal parameters that can be supplied in any order.

Keyword arguments are supplied to IDL routines by including the keyword name
followed by an equal sign (*=") and the value to which the keyword should be set.
The value can be avalue, an expression, or a named variable (anamed variableis
simply avalid IDL variable name).

Note
If you set a keyword equal to an undefined named variable, IDL will quietly ignore
the value.

For example, to produce a plot with diamond-shaped plotting symbols, the PSYM
keyword should be set to 4 as follows:
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PLOT, FI NDGEN(10), PSYM=4

Note the following when specifying keywords:

Certain keywords are boolean, meaning they can be set to either 0 or 1. These
keywords are switches used to turn an option on and off. Usually, setting such
keywords equal to 1 causes the option to be turned on. Explicitly setting the
keyword to O (or not including the keyword) turns the option off. In the syntax
listingsin thisreference, all keywords that are preceded by a slash can be set
by prefacing them by the slash. For example, SURFACE, DIST(10), /SKIRT is
a shortcut for SURFACE, DIST(10), SKIRT=1. To turn the option back off,
you must set the keyword equal to 0, asin SURFACE, DIST(10), SKIRT=0.

In rare cases, akeyword's default valueis 1. In these cases, the syntax is listed
as KEYWORD=0, asin SLIDE_IMAGE [, Image] [, CONGRID=0]. In this
example, CONGRID is set to 1 by default. If you specify CONGRID=0, you
can turn it back on by specifying either /TCONGRID or CONGRID=1.

Some keywords are used to obtain values that can be used upon return from the
function or procedure. These keywords are listed as KEY WORD=variable.
Any valid variable name can be used for these keywords, and the variable does
not need to be defined first. Note, however, that when a keyword callsfor a
named variable, only a named variable can be used—sending an expression
Causes an error.

For example, the WIDGET_CONTROL procedure can return the user values
of widgetsin a named variable using the GET_UVALUE keyword. To return
the user value for awidget ID (contained in the variable mywi dget ) in the
variable user val , you would use the command:

W DCGET_CONTROL, nywi dget, GET_UVALUE = userval

Upon return from the procedure, user val contains the user value. Note that
userval did not have to be defined before the call to WIDGET_CONTROL.

Some routines have keywords that are mutually exclusive, meaning only one of
the keywords can be present in a given statement. These keywords are grouped
together, and separated by a vertical line. For example, consider the following
syntax:

PLOT, [X] Y[, /DATA |, /IDEVICE |, INORMAL]

In this example, you can choose either DATA, DEVICE, or NORMAL, but not
more than one. An example of avalid statement is:

PLOT, SIN(A), /IDEVICE
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« Keywords can be abbreviated to their shortest unique length. For example, the
XSTY LE keyword can be abbreviated to XST because there are no other
keywordsin IDL that begin with XST. You cannot shorten XSTYLE to XS,
however, because there are other keywords that begin with XS, such as XSIZE.
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.COMPILE

The .COMPILE command compiles and saves procedures and programs in the same
manner as.RUN. If one or more filenames are specified, the procedures and functions
contained therein are compiled but not execauted. If you enter this command at the

Command Input Line of the IDLDE and thefiles are not yet open, IDL opensthefiles
within Editor windows and compiles the procedures and functions contained therein.

See RESOLVE_ROUTINE for away to invoke the same operation from within an
IDL routine, and RESOLVE_ALL for away to automatically compile all user-written
or library functions called by all currently-compiled routines.

If the -f flag is specified, Fileis compiled from the source stored temporarily in
TempFile rather than on disk in Fileitself. This allows you to make changes to File
(inan IDLDE editor window, for example), store the modified source into the
temporary file (IDLDE does it automatically), compile, and test the changes without
overwriting the original code stored in File.

Note
.COMPILE isan executive command. Executive commands can only be used at the
IDL command prompt, not in programs.

Syntax

.COMPILE [Filey, ..., File,]
.COMPILE -f File TempFile
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.CONTINUE

The .CONTINUE command continues execution of a program that has stopped
because of an error, a stop statement, or a keyboard interrupt. IDL saves the location
of the beginning of the last statement executed before an error. If it is possible to
correct the error condition in the interactive mode, the offending statement can be re-
executed by entering .CONTINUE. After STOP statements, .CONTINUE continues
execution at the next statement. The .CONTINUE command can be abbreviated; for
example, .C. Execution of a program interrupted by typing Ctrl+C also can be
resumed at the point of interruption with the . CONTINUE command.

Note
.CONTINUE is an executive command. Executive commands can only be used at
the IDL command prompt, not in programs.

Syntax

.CONTINUE

.CONTINUE
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EDIT

The .EDIT command opensfilesin IDL Editor windows when called from the
Command Input Line of the IDLDE. Thisfunctionality isonly available on the
Windows and Motif platforms. Note that filenames are separated by spaces, not
commeas.

Note
.EDIT is an executive command. Executive commands can only be used at the IDL

command prompt, not in programs.

Syntax

EDIT File, [File, ... File,]

IDL Reference Guide .EDIT
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FULL_RESET SESSION

The .FULL_RESET_SESSION command does everything .RESET_SESSION does,
plus the following:

Note

Removes all system routinesinstalled via LINKIMAGE or aDLM.
Removes all structure definitionsinstalled viaaDLM.
Removes all message blocks added by DLMs.

Unloads all sharable libraries loaded into IDL viaCALL_EXTERNAL,
LINKIMAGE, or aDLM.

Re-initializes all DLMsto their unloaded initial state.

FULL_RESET_SESSION is an executive command. Executive commands can
only be used at the IDL command prompt, not in programs.

Syntax

FULL_RESET_SESSION

.FULL_RESET_SESSION IDL Reference Guide
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.GO

The .GO command starts execution at the beginning of a previously-compiled main
program.

Note
.GO is an executive command. Executive commands can only be used at the IDL
command prompt, not in programs.

Syntax

.GO
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OUT

.OuUT

The .OUT command continues executing statements in the current program until it
returns.

Note
.OUT is an executive command. Executive commands can only be used at the IDL
command prompt, not in programs.

Syntax

.OUT
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.RESET_SESSION

The .RESET_SESSION command resets much of the state of an IDL session without
requiring the user to exit and restart the IDL session.

.RESET_SESSION does the following:
Returns current execution point to SMAINS (RETALL).

Removes all breakpoints.
Clears the path cache (see PATH_CACHE for details).

Closes all files except the standard 3 units, the JOURNAL file (if any), and any
filesin use by graphics drivers.

Disables SHMDEBUG mode.
Destroys/Removes the following:

All local variablesin SMAINS.
All widgets. Exit handlers are not called.

All windows and pixmaps for the current window system graphics device
are closed. No other graphics state is reset.

All common blocks.

All handles

All user defined system variables

All pointer and object reference heap variables.
Object destructors are not called.

All user defined structure definitions.

All user defined object definitions.

All compiled user functions and procedures, including the main program
(BMAINS), if any.

Any memory segments created by SHMMAP.

The following are not reset:

IDL Reference Guide
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e Graphicsdrivers are not reset to their full uninitialized state. However, all
windows and pixmaps for the current window system device are closed.

e Thefollowing files are not closed:
e Stdin (LUN 0)
e Stdout (LUN -1)
e Stderr (LUN -2)
e Thejournal file (\JOURNAL) if oneis open.
« Any filesin use by graphics drivers (e.g. PostScript).

e Dynamically loaded graphics drivers (LINKIMAGE) are not removed, nor are
any dynamic sharable libraries containing such drivers, even if the samelibrary
was also used for another purpose such as CALL_EXTERNAL, LINKIMAGE
system routines, or DLMs. Seethe .FULL_RESET SESSION executive
command to unload dynamic libraries.

Note
.RESET_SESSION is an executive command. Executive commands can only be
used at the IDL command prompt, not in programs.

Syntax

.RESET_SESSION
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.RETURN

The .RETURN command continues execution of a program until encountering a
RETURN statement. Thisis convenient for debugging programs since it allows the
whole program to run, stopping before returning to the next-higher program level so
you can examine local variables.

Also see the RETURN command.

Note
.RETURN is an executive command. Executive commands can only be used at the

IDL command prompt, not in programs.

Syntax

.RETURN
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.RNEW

The .RNEW command compiles and saves procedures and functions in the same
manner as .RUN. In addition, all variablesin the main program unit, except thosein
common blocks, are erased. The-T and -L filename switches have the same effect as
with .RUN.

Note
.RNEW is an executive command. Executive commands can only be used at the
IDL command prompt, not in programs.

Syntax

.RNEW [Filey, ..., File]
Tosavelistingin afile: .RNEW -L ListFilelisFile; [, Filey, ..., File]
To display listing on screen: .RNEW -T File, [, File,, ..., File,]

Example

Some statements using the .RUN and .RNEW commands are shown below.

Statement Description
. RUN Accept a program from the
keyboard. Retain the present
variables.
.RUN nyfile Compilethefilemyfile.pro. If it

is not found in the current
directory, try tofind it in the
directory search path.

.RUN -T A B, C Compilethefiles a.pro, b.pro
and c.pro. List the fileson the
terminal.

Table 2: Examples using .RUN and .RNEW
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Statement Description

Erase all variables and compile
the files myfile.pro and
yourfile.pro. Produce alisting
on myfilelis.

.RNEW-L nyfile.lis nyfile, yourfile

Table 2: Examples using .RUN and .RNEW
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.RUN

.RUN

The .RUN command compiles procedures, functions, and/or main programsin
memory. Main programs are executed immediately. The command can be followed
by alist of filesto be compiled. Filenames are separated by blanks, tabs, or commas.

If afile specification isincluded in the command, IDL searchesfor thefilefirstin the
current directory, then in the directories specified by the system variable |PATH. See
“Running IDL Program Files’ in Chapter 9 of the Using IDL manual for more
information on IDL’s search strategy.

If amain program unit is encountered, execution of the program will begin after all
files have been read if there were no errors. The values of all of the variables are
retained. If thefileisn’'t found, input is accepted from the keyboard until a complete
program unit is entered.

Files containing IDL procedures, programs, and functions are assumed to have the
file extension (suffix) . pr o. Files created with the SAVE procedure are assumed to
have the extension . sav. See Chapter 9, " Preparing and Running Programsin IDL”
in the Using IDL manual for further information.

Note
.RUN is an executive command. Executive commands can only be used at the IDL
command prompt, not in programs.

Syntax

.RUN [Filey, ..., Fileg]
Tosavelistingin afile: .RUN -L ListFilelisFile; [, File,, ..., Filey]
To display listing on screen: .RUN -T File, [, File,, ..., File]

Note
Subsequent calls to .RUN compile the procedure again.

Using .RUN to Make Program Listings

The command arguments -T for terminal listing or -L filename for listing to a named
file can appear after the command name and before the program filenamesto produce
anumbered program listing directed to the terminal or to afile.
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For instance, to see alisting on the screen as aresult of compiling a procedure
contained in afile named anal yze. pr o, use the following command:

.RUN -T anal yze

To compile the same procedure and save the listing in afile named anal yze. | i s,
use the following command:

.RUN -L analyze.lis analyze

In listings produced by IDL, the line number of each statement is printed at the | eft
margin. This number isthe same as that printed in IDL error statements, simplifying
location of the statement causing the error.

Note
If the compiled file contains more than one procedure or function, line numberingis
reset to “1” each time the end of a program segment is detected.

Each level of block nesting isindented four spacesto the right of the preceding block
level to improve the legibility of the program’s structure.

IDL Reference Guide .RUN
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The .SKI1P command skips one or more statements. It is useful for moving past a
program statement that caused an error. If the optional argument nis present, it gives
the number of statements to skip; otherwise, asingle statement is skipped.

Note that .SKIP does not execute or evaluate the code it is skipping. Rather, it
arbitrarily atersthe current program counter to the nth physical statement following
the current point. This has implications that may not be obvious oninitial
consideration:

e .SKIP does not skip into a called routine.

e .SKIP movesto the nth physical statement following the current program
location. This may not be the statement that execution would have actually
have moved to if you had allowed the program to run normally.

e Arbitrarily moving the program counter in thisway may leave your program in
an unrunnabl e state, depending on resulting state of the local variables and the
statements that the newly positioned program counter attempts to execute next.

In contrast, the .STEP executive command has none of the above drawbacks and can
be used instead in many situations. The advantage of .SKIP over .STEP isthat .SKIP
can move past statements that .STEP cannot, such as:

*  Statements with errors that cause execution to halt.
e Infiniteloops, and similar logic errors.

For example, consider the following program segment:

READF, 1, XXX,

If the OPENR statement fails because the specified file does not exist, program
execution will halt with the OPENR statement as the current statement. Execution
can not be resumed with the executive command . CONTINUE because it attemptsto
re-execute the offending OPENR statement, causing the same error. The remainder of
the program can be executed by entering .SKIP, which skips over the incorrect OPEN
Statement.

Note
.SKIP is an executive command. Executive commands can only be used at the IDL

command prompt, not in programs.
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Syntax

SKIP[n]
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The .STEP command executes one or more statements in the current program starting
at the current position, stops, and returns control to the interactive mode. This
command is useful in debugging programs. The optional argument n indicates the
number of statements to execute. If n is omitted, a single statement is executed.

Note

.STEP is an executive command. Executive commands can only be used at the IDL
command prompt, not in programs.

Syntax

STEP[n] or .S[n]
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STEPOVER

The .STEPOVER command executes one or more statements in the current program
starting at the current position, stops, and returns control to the interactive mode.
Unlike .STEP, if .STEPOV ER executes a statement that calls another routine, the
called routine runs until it ends before control returns to interactive mode. That is, a
statement calling another routine is treated as a single statement.

The optional argument n indicates the number of statements to execute. If nis
omitted, a single statement (or called routine) is executed.

Note
.STEPOVER is an executive command. Executive commands can only be used at
the IDL command prompt, not in programs.

Syntax

.STEPOVER [n] or .SO [n]
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.TRACE

The . TRACE command continues execution of a program that has stopped because of
an error, a stop statement, or akeyboard interrupt.

Note
.TRACE is an executive command. Executive commands can only be used at the
IDL command prompt, not in programs.

Syntax

.TRACE

.TRACE IDL Reference Guide
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A_CORRELATE

The A_CORRELATE function computes the autocorrelation Px(L) or autocovariance
Rx(L) of a sample population X as a function of the lag L.

N-L-1
Z (X =X) (X 4. —X)
P (L) = P(-L) = K=0

N-1

z (X — X)?2

k=0

N-L-1
R(L) = Ry(-L) = X 3 (X=R)(Xs %)
k=0

where x isthe mean of the sample population X = (Xg, X1, Xp, -+ , XN-1)-

Note
Thisroutineis primarily designed for use in 1-D time-series analysis. The mean is
subtracted before correlating. For image processing, methods based on FFT should
be used instead if more than afew tens of points exist. For example:

Function AutoCorrelate, X

Tenp = FFT(X, -1)

RETURN, FFT(Tenp * CONJ(Tenmp), 1)
END

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
a_correl ate. prointheli b subdirectory of the IDL distribution.

Syntax

Result = A_CORRELATE(X, Lag [, /COVARIANCE] [, /IDOUBLE] )
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Arguments

X
An n-element integer, single-, or double-precision floating-point vector.
Lag

An n-element integer vector in the interval [-(n-2), (n-2)], specifying the signed
distances between indexed elements of X.

Keywords
COVARIANCE

Set this keyword to compute the sample autocovariance rather than the sample
autocorrelation.

DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.

Examples

Define an n-el enent sanpl e popul ati on:
X =13.73, 3.67, 3.77, 3.83, 4.67, 5.87, 6.70, 6.97, 6.40, 5.57]
; Conpute the autocorrelation of X for LAG=-3, 0, 1, 3, 4, 8:
lag = [-3, 0, 1, 3, 4, 8]
result = A CORRELATE(X, | ag)
PRI NT, result

IDL prints:
0.0146185 1.00000 0.810879 0.0146185 -0.325279 -0.151684

Version History
Introduced: 4.0
See Also

CORRELATE, C_CORRELATE, M_CORRELATE, P_CORRELATE,
R_CORRELATE
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The ABS function returns the absolute value of its argument.

Syntax

Result = ABS(X)

Return Value

Returns the absol ute value of its argument.

Arguments

The value for which the absolute value is desired. If X is of complex type, ABS
returns the magnitude of the complex number:

JReal2 + Imaginary?

If X isof complex type, theresult is returned as the corresponding floating point type.
For all other types, the result hasthe sametype as X. If Xisan array, the result hasthe
same structure, with each element containing the absolute value of the corresponding
element of X.

ABS applied to any of the unsigned integer types resultsin the unaltered value of X
being returned.

Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for a given computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by 'CPU for asingle invocation of this routine. See Appendix C, “ Thread Pool
Keywords’ for details.
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Examples

To print the absolute value of -25, enter:
PRI NT, ABS(-25)

IDL prints:
25

Version History

Introduced: Original

IDL Reference Guide ABS
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ACOS

The ACOS function returns the angle, expressed in radians, whose cosineis X (i.e.,
the arc-cosine). For real input, the range of ACOS is between 0 and .

For input of a complex number, Z = X +iY, the complex arccosineis given by,
acos(Z) = acos(B) - i alog(A + sqrt(A%- 1)) if Y >=0
acos(Z) = acos(B) +i alog(A + sqrt(AZ- 1)) if Y <0
where
A =05sgrt((X + 1)%+Y?) + 0.5 sort((X - 1)% + Y?)
B =05sgrt((X + 1)2+Y?) - 0.5 sgrt((X - 1)+ Y?)

The separation of the two formulasat Y = 0 takes into account the branch-cut
discontinuity along the real axisfrom -oo to -1 and +1 to +oo, and ensures that
cos(acos(2)) isequal to Z. For reference, see formulas 4.4.37-39 in Abramowitz, M.
and Stegun, 1.A., 1964: Handbook of Mathematical Functions (Washington: National
Bureau of Standards).

Syntax
Result = ACOS(X)
Return Value
Returns the angle, expressed in radians, whose cosineis X (i.e., the arc-cosine).
Arguments
X

The cosine of the desired angle. For real input, X should beintherange-1to +1. If X
is double-precision floating or complex, the result is of the same type. All other types
are converted to single-precision floating-point and yield floating-point results. If X
isan array, the result has the same structure, with each element containing the arc-
cosine of the corresponding element of X.
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Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for agiven computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by !CPU for asingleinvocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.

Examples

Find the angle whose cosineis 0.707 and print the result in degrees by entering:

PRI NT, 180/! Pl * ACOS(0.707)
IDL prints:
45. 0086

Find the complex arccosine of 2 + i and print the result by entering:

PRI NT, ACOS( COWPLEX(2, 1))
IDL prints:
( 0. 507356, -1.46935)

See the ATAN function for an example of visualizing the complex arccosine.
Version History

Introduced: Original
PHASE keyword: 5.6

See Also

COS, COSH, ASIN, SIN, SINH, ATAN, TAN, TANH
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ADAPT HIST EQUAL

The ADAPT_HIST_EQUAL function performs adaptive histogram equalization, a
form of automatic image contrast enhancement. The algorithm is described in Pizer
et. a., “Adaptive Histogram Equalization and its Variations.”, Computer Vision,
Graphics and Image Processing, 39:355-368. Adaptive histogram equalization
involves applying contrast enhancement based on the local region surrounding each
pixel. Each pixel is mapped to an intensity proportional to its rank within the
surrounding neighborhood. This method of automatic contrast enhancement has
proven to be broadly applicable to awide range of images and to have demonstrated
effectiveness.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
adapt _hi st _equal . prointhel i b subdirectory of the IDL distribution.

Syntax

Result = ADAPT_HIST_EQUAL (Image [, CLIP=value] [, FCN=vector]
[, NREGIONS=nregions] [, TOP=valug] )

Return Value

The result of the function is a byte image with the same dimensions as the input
image parameter.

Arguments

Image

A two-dimensional array representing the image for which adaptive histogram
equalization isto be performed. This parameter is interpreted as unsigned 8-bit data,
so be sure that the input values are properly scaled into the range of 0 to 255.

Keywords
CLIP

Set this keyword to a nonzero value to clip the histogram by limiting its slope to the
given CLIP value, thereby limiting contrast. For example, if CLIPisset to 3, the
slope of the histogram is limited to 3. By default, the slope and/or contrast is not
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limited. Noise over-enhancement in nearly homogeneous regions is reduced by
setting this parameter to values larger than 1.0.

FCN

Set this keyword to the desired cumulative probability distribution function in the
form of a 256 element vector. If omitted, alinear ramp, which yields equal
probability binsresults. Thisfunction islater normalized, so magnitudeis
inconsequential, though should increase monotonically.

NREGIONS

Set this keyword to the size of the overlapped tiles, as afraction of the largest
dimensions of the image size. The default is 12, which makes each tile 1/12 the size
of the largest image dimension.

TOP
Set this keyword to the maximum value of the scaled output array. The default is 255.

Examples

The following code snippet reads a datafile in the exanpl es/ dat a subdirectory of
the IDL distribution containing a cerebral angiogram, and then displays both the
original image and the adaptive histogram equalized image:

OPENR, 1, FILEPATH('cereb.dat', $
SUBDI RECTORY=[ ' exanpl es','data'])

;lmage size = 512 x 512
a = BYTARR(512, 512, / NOZERO

‘Read it
READU, 1, a
CLCSE, 1

Reduce size of image for conparison
a = CONGRID(a, 256, 256)

; Show ori gi nal
TVSCL, a, O

; Show processed
TV, ADAPT_H ST _EQUAL(a, TOP=!D. TABLE SIZE-1), 1

IDL Reference Guide ADAPT_HIST _EQUAL
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Version History
Introduced: 5.3
See Also

H_EQ CT,H_EQ INT, HIST 2D, HIST_EQUAL, HISTOGRAM
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ALOG

The ALOG function returns the natural logarithm of X.

For input of a complex number, Z = X +iY, the complex number can be rewritten as
Z = R exp(i0), where R = abs(Z) and 6 = atan(y,x). The complex natural log isthen
given by,

aog(Z) =dog(R) +iq

In the above formula, the use of the two-argument arctangent separates the solutions
at Y = 0 and takes into account the branch-cut discontinuity along the real axisfrom -
o t0 0, and ensures that exp(alog(Z)) isequal to Z. For reference, seeformulas4.4.1-3
in Abramowitz, M. and Stegun, 1.A., 1964: Handbook of Mathematical Functions
(Washington: National Bureau of Standards).

Syntax

Result = ALOG(X)
Return Value

Returns the natural logarithm of X.
Arguments

X

Thevalue for which the natural log isdesired. For real input, X should be greater than
or equal to zero. If X isdouble-precision floating or complex, theresult is of the same
type. All other types are converted to single-precision floating-point and yield
floating-point results. If X isan array, the result has the same structure, with each
element containing the natural 1og of the corresponding element of X.

Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the |CPU
system variable control whether IDL uses the thread pool for agiven computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
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TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by !CPU for asingle invocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.

Examples

Find the natural logarithm of 2 and print the result by entering:

PRI NT, ALOE 2)
IDL prints:
0. 693147

Find the complex natural log of sqrt(2) + i sqrt(2) and print the result by entering:

PRI NT, ALOZX COWPLEX(sqrt(2), sqrt(2)))
IDL prints:
( 0. 693147, 0. 785398)

Note
Therea part of theresult isjust ALOG(2) and the imaginary part givestheangle (in
radians) of the complex number relative to the real axis.

See the ATAN function for an example of visualizing the complex natural log.
Version History

Introduced: Original
See Also

ALOG10, ATAN
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ALOG10

The ALOG10 function returns the logarithm to the base 10 of X.

For input of a complex number, Z = X +iY, the complex number can be rewritten as
Z = Rexp(iq), where R = abs(Z) and g = atan(y,x). The complex log base 10 is then
given by,

alogl0(Z) = doglO(R) + i g/alog(10)

In the above formula, the use of the two-argument arctangent separates the solutions
at Y = 0 and takes into account the branch-cut discontinuity along the real axisfrom -
oo to 0, and ensures that 10"(alogl10(Z)) isequal to Z. For reference, see formulas
4.4.1-3 in Abramowitz, M. and Stegun, |.A., 1964. Handbook of Mathematical
Functions (Washington: National Bureau of Standards).

Syntax

Result = ALOG10(X)
Return Value

Returns the logarithm to the base 10 of X.
Arguments

X

The value for which the base 10 log is desired. For real input, X should be greater
than or equal to zero. If X isdouble-precision floating or complex, the result is of the
same type. All other types are converted to single-precision floating-point and yield
floating-point results. If X isan array, the result has the same structure, with each
element containing the base 10 log of the corresponding element of X.

Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the |CPU
system variable control whether IDL uses the thread pool for agiven computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
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TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by !CPU for asingle invocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.

Examples

Find the base 10 logarithm of 100 and print the result by entering:

PRI NT, ALOGL0(100)
IDL prints:
2. 00000

See the ATAN function for an example of visualizing the complex logarithm.
Version History

Introduced: Origina
See Also

ALOG, ATAN
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AMOEBA

The AMOEBA function performs multidimensional minimization of afunction
Func(x), where x is an n-dimensional vector, using the downhill simplex method of
Nelder and Mead, 1965, Computer Journal, Vol 7, pp 308-313.

The downhill simplex method is not as efficient as Powell’s method, and usually
requires more function evaluations. However, the smplex method requires only
function evaluations—not derivatives—and may be more reliable than Powell’s
method.

Thisroutineiswritten in the IDL language. Its source code can be found in thefile
anoeba. pro inthel i b subdirectory of the IDL distribution. AMOEBA is based on
the routine anpeba described in section 10.4 of Numerical Recipesin C: The Art of
Scientific Computing (Second Edition), published by Cambridge University Press,
and is used by permission.

Syntax

Result = AMOEBA( Ftol [, FUNCTION_NAME=string]
[, FUNCTION_VALUE=variable] [, NCALLS=value] [, NMAX=value]
[, PO=vector, SCALE=vector |, SIMPLEX=array] )

Return Value

If the minimum isfound, AMOEBA returns an n-element vector corresponding to the
function’s minimum value. If a minimum within the given tolerance is not found
within the specified number of iterations, AMOEBA returns a scalar value of -1.
Results are returned with the same precision (single- or double-precision floating-
point) asis returned by the user-supplied function to be minimized.

Arguments

Ftol

The fractional tolerance to be achieved in the function value—that is, the fractional
decrease in the function value in the terminating step. If the function you supply
returns a single-precision result, Ftol should never be less than your machine's
floating-point precision—the value contained in the EPS field of the structure
returned by the MACHAR function. If the function you supply returns a double-
precision floating-point value, Ftol should not be less than your machine’ double-
precision floating-point precision. See MACHAR for details.
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Keywords

AMOEBA

FUNCTION_NAME

Set this keyword equal to a string containing the name of the function to be
minimized. If this keyword is omitted, AMOEBA assumes that an IDL function
named “FUNC” isto be used.

The function to be minimized must be written as an IDL function and compiled prior
to calling AMOEBA. Thisfunction must accept an n-element vector asits only
parameter and return a scalar single- or double precision floating-point value asits
result.

See the Example section below for an example function.
FUNCTION_VALUE

Set this keyword equal to a named variable that will contain an (n+1)-element vector
of the function values at the simplex points. The first element contains the function
minimum.

NCALLS

Set this keyword equal to a named variable that will contain a count of the number of
times the function was eval uated.

NMAX

Set this keyword equal to a scalar value specifying the maximum number of function
evaluations allowed before terminating. The default is 5000.

PO

Set this keyword equal to an n-element single- or double-precision floating-point
vector specifying the initia starting point. Note that if you specify PO, you must also
specify SCALE.

For example, in a 3-dimensional problem, if theinitial guessis the point [0,0,0], and
you know that the function’s minimum value occurs in the interval:

-10 < X[0] < 10, -100 < X[ 1] < 100, -200 < X[ (2] < 200,
specify: PO=[0,0,0] and SCALE=[10, 100, 200].
Alternately, you can omit PO and SCALE and specify SIMPLEX.
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SCALE

Set this keyword equal to a scalar or n-element vector containing the problem'’s
characteristic length scale for each dimension. SCALE is used with PO to form an
initial (n+1) point simplex. If al dimensions have the same scale, set SCALE equal to
ascalar.

If SCALE is specified as a scalar, the function’s minimum lies within a distance of
SCALE from PO. If SCALE isan N-dimensional vector, the function's minimum lies
within the Ndim+1 simplex with the vertices PO, PO + [1,0,...,0] * SCALE, PO +
[0,1,0,...,0] * SCALE, ..., and PO+[0,0,...,1] * SCALE.

SIMPLEX

Set thiskeyword equal to an n by n+1 single- or double-precision floating-point array
containing the starting simplex. After AMOEBA has returned, the SIMPLEX array
contains the simplex enclosing the function minimum. The first point in the array,
SIMPLEX[*,0], corresponds to the function’s minimum. This keyword isignored if
the PO and SCALE keywords are set.

Examples

Use AMOEBA to find the slope and intercept of a straight line that fits a given set of
points, minimizing the maximum error. The function to be minimized (FUNC, in this
case) returns the maximum error, given p[0] = intercept, and p[1] = slope.

First define the function FUNC:
FUNCTI ON FUNC, P
COWMON FUNC XY, X, Y
RETURN, MAX(ABS(Y - (P[O] + P[1] * X)))
END

; Put the data points into a common bl ock so they are accessible to
; the function:
COMMON FUNC_XY, X, Y

Define the data points:

FI NDGEN( 17) *5

[ 12.0, 24.3, 39.6, 51.0, 66.5 78.4, 92.7, 107.8, $
120.0, 135.5, 147.5, 161.0, 175.4, 187.4, 202.5, 215.4, 229.9]

Call the function. Set the fractional tolerance to 1 part in
1075, the initial guess to [0,0], and specify that the m ni num
shoul d be found within a distance of 100 of that point:

R = AMOEBA( 1. Oe-5, SCALE=1.0e2, PO = [0, 0], FUNCTI ON_VALUE=fval)
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; Check for convergence:
IF N ELEMENTS(R) EQ 1 THEN MESSAGE, ' AMOEBA failed to converge

Print results:
PRINT, 'Intercept, Slope:', r, $

"Function value (max error): ', fval[0]
IDL prints:
I ntercept, Slope: 11. 4100 2.72800
Function val ue: 1. 33000

Version History
Introduced: 5.0
See Also

DFPMIN, POWELL, SIMPLEX
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ANNOTATE

The ANNOTATE procedure starts an IDL widget program that allows you to
interactively annotate images and plots with text and drawings. Drawing objects
include lines, arrows, polygons, rectangles, circles, and ellipses. Annotation files can
be saved and restored, and annotated displays can be written to TIFF or PostScript
files. The Annotation widget will work on any IDL graphics window or draw widget.

This routine iswritten in the IDL language. Its source code can be found in thefile
annot at e. pro inthel i b subdirectory of the IDL distribution.

Using the Annotation Widget

Before calling the Annotation widget, plot or display your datain an IDL graphics
window or draw widget. Unless you specify otherwise (using the DRAWABLE or
WINDOW keywords), annotations will be made in the current graphics window.

For information on using the Annotation widget, click on the widget's “Help” button.
Syntax

ANNOTATE [, COLOR_INDICES=array] [, DRAWABLE=widget_id|,
WINDOWS=index] [, LOAD_FILE=filename] [, /TEK_COLORS]

Arguments
None.
Keywords
COLOR_INDICES

An array of color indices from which the user can choose colors. For example, to
allow the user to choose 10 colors, spread evenly over the available indices, set the
keyword as follows:

COLOR | NDI CES = I NDGEN(10) * (!D.N COLORS-1) / 9

If neither TEK_COLORS or COLOR_INDICES are specified, the default isto load
10 colors, evenly distributed over those available.
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DRAWABLE

The widget ID of the draw widget for the annotations. Do not set both DRAWABLE
and WINDOW. If neither WINDOW or DRAWABLE are specified, the current
window is used.

LOAD_FILE
The name of an annotation format file to load after initialization.
TEK_COLORS

Set this keyword and the Tektronix color table is loaded starting at color index
TEK_COLORS(0), with TEK_COLORS(1) color indices. The Tektronix color table
contains up to 32 distinct colors suitable for graphics. If neither TEK_COLORS or
COLOR_INDICES are specified, the default is to load 10 colors, evenly distributed
over those available.

WINDOW

The window index number of the window to receive the annotations. Do not set both
DRAWABLE and WINDOW. If neither WINDOW or DRAWABLE are specified, the
current window is used.

Examples

; Qutput an inmmge in the current w ndow
TVSCL, HANNI NG( 300, 200)

; Annotate it:

ANNOTATE

Version History
Introduced:; Pre 4.0
See Also

PLOTS, XYOUTS
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ARG_PRESENT

The ARG_PRESENT function is useful in user-written procedures that need to know
if the lifetime of avalue they are creating extends beyond the current routine’s
lifetime. This can be important for two reasons:

1. To avoid expensive computations that the caller is not interested in.

2. To prevent heap variable |eakage that would result if the routine creates
pointers or object references and assigns them to arguments that are not passed
back to the caller.

Syntax
Result = ARG_PRESENT(Variable)

Return Value

Returns a nonzero value if the following conditions are met:

¢ Theargument to ARG_PRESENT was passed as aplain or keyword argument
to the current routine by its caller, and

e Theargument to ARG_PRESENT isanamed variable into which avalue will
be copied when the current routine exits.

In other words, ARG_PRESENT returns TRUE if the value of the specified variable
will be passed back to the caller.

Arguments

Variable

The variable to be tested.
Example
Suppose that you are writing an IDL procedure that has the following procedure
definition line:
PRO nyproc, RET_PTR = ret_ptr

Theintent of the RET_PTR keyword is to pass back a pointer to a new pointer heap
variable. The following command could be used to avoid creating (and possibly
losing) a pointer if no named variableis provided by the caller:
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| F ARG PRESENT(ret _ptr) THEN BEG N

The commands that follow would only be executed if r et _pt r is supplied and will
be copied into avariable in the scope of the calling routine.

Version History
Introduced: 5.0
See Also

KEYWORD_SET, N_ELEMENTS, N_PARAMS
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ARRAY_EQUAL

The ARRAY_EQUAL function is afast way to compare data for equality in
situations where the index of the elements that differ are not of interest. This
operation is much faster than using TOTAL (A NE B), because it stops the
comparison as soon as the first inequality is found, an intermediate array is not
created, and only one pass is made through the data. For best speed, ensure that the
operands are of the same data type.

Arrays may be compared to scalars, in which case each element is compared to the
scalar. For two arraysto be equal, they must have the same number of elements. If the
types of the operands differ, the type of the least preciseis converted to that of the
most precise, unlessthe NO_TY PECONYV keyword is specified to prevent it. This
function works on all numeric types, strings, pointer references, and object
references. In the case of pointer and object references, ARRAY_EQUAL compares
the references (which are long integers), not the heap variables to which the
references point.

Syntax
Result = ARRAY_ EQUAL(Opl, Op2[,/NO_TYPECONV ])
Return Value

Returns 1 (true) if, and only if, all elements of Opl are equal to Op2; returns O (false)
at the first instance of inequality.

Arguments
Opl, Op2
The variables to be compared.
Keywords

NO_TYPECONV

By default, ARRAY _EQUAL converts operands of different types to a common type
before performing the equality comparison. Set NO_TYPECONYV to disallow this
implicit type conversion. If NO_TYPECONYV is specified, operands of different
types are never considered to be equal, even if their numeric values are the same.
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Examples

; Return True (1) if all elenments of a are equal to a 0 byte:
| F ARRAY_EQUAL(a, Ob) THEN ...

Return True (1) if all elenents of a are equal all
| F ARRAY_EQUAL(a, b) THEN ...

Version History

el enents of b:

Introduced: 5.4
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ARRAY_INDICES

The ARRAY _INDICES function converts one-dimensional subscripts of an array
into corresponding multi-dimensional subscripts.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
array_i ndi ces. prointheli b subdirectory of the IDL distribution.

Syntax
Result = ARRAY _INDICES(Array, Index)
Return Value

If Index isascalar, returns a vector containing m dimensional subscripts, where mis
the number of dimensions of Array.

If Index is avector containing n elements, returns an (mx n) array, with each row
containing the multi-dimensional subscripts corresponding to that index.

Arguments

Array
An array of any type.
Index
A scalar or vector containing the one-dimensional subscripts to be converted.

Keywords

None.
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Examples

Example 1

This example finds the location of the maximum value of arandom 10 by 10 array:

seed = 111

array = RANDOMJ(seed, 10, 10)

mk = MAX(array, |ocation)

ind = ARRAY_I NDI CES(array, |ocation)

PRINT, ind, array[ind[O],ind[1]], $
FORMAT = ' (% Value at [%d, %] is %")'

IDL prints:
Value at [3, 6] is 0.973381

Example 2

This example routine locates the highest point in the example Maroon Bells data set

and places aflag at that point.
Enter the following code in the IDL editor:
PRO ExARRAY_| NDI CES

I mport Maroon Bells data.

file = FILEPATH(' surface.dat', $
SUBDI RECTORY = [' exanples', 'data'])

data = READ BI NARY(file, DATA DIMS = [350, 450],
DATA TYPE = 2)

Di spl ay dat a.
| SURFACE, data

; Cal cul ate the val ue and one-di nensi onal
; array location of the highest point.
maxVal ue = MAX(data, nmaxPoint)

; Using ARRAY_INDI CES to convert the one-

; dinensional array location to a two-

; dinensional aray |ocation.

maxLocati on = ARRAY_I NDI CES(dat a, maxPoi nt)

Print the results.
PRI NT, ' Highest Point Location: ', maxLocation
PRI NT, ' Highest Point Value: ', naxValue

; Create flag for the highest point.

ARRAY_INDICES

$
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X maxLocat i on[ 0]

y maxLocat i on[ 1]

z = maxVal ue

xFlag = [x, x, x + 50., X]

yFlag = [y, y, y + 50., V]

zFlag = [z, z + 1000., z + 750., z + 500.]

Display flag at the highest point.
| PLOT, xFlag, yFlag, zFlag, /OVERPLOT

END

Save the code as EXARRAY_| NDI CES. pr o, compileit and run it. The following
figure displays the output of this example:

Figure 3-1: Maroon Bells Surface Plot with Flag at Highest Point Before Rotation
(Left) and After Rotation (Right)

For a better view of the flag, use the Rotate tool to rotate the surface.
Version History

Introduced: 6.0
See Also

MAX, MIN, WHERE
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ARROW

The ARROW procedure draws one or more vectors with arrow heads.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
arrow. pro inthel i b subdirectory of the IDL distribution.

Syntax

ARROW, X0, YO, X1, Y1[, /DATA |, /NORMALIZED] [, HSIZE=length]
[, COLOR=index] [, HTHICK=valu€] [, /SOLID] [, THICK=valug]

Arguments

X0, YO

Arrays or scalars containing the coordinates of the tail end of the vector or vectors.
Coordinates are in DEVICE coordinates unless otherwise specified.

X1,Y1

Arrays or scalars containing the coordinates of the arrowhead end of the vector or
vectors. X1 and Y1 must have the save number of elements as X0 and YO.

Keywords
DATA

Set this keyword if vector coordinates are DATA coordinates.
NORMALIZED

Set this keyword if vector coordinates are NORMALIZED coordinates.
HSIZE

Use this keyword to set the length of the lines used to draw the arrowhead. The
default is 1/64th the width of the display (!D.X_SIZE/ 64.). If the HSIZE is positive,
the value is assumed to be in device coordinate units. If HSIZE is negative, the
arrowhead length is set to the vector length * ABS(HSIZE). The lines are separated
by 60 degrees to make the arrowhead.
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COLOR

The color of the arrow. The default is the highest color index.
HTHICK

The thickness of the arrowheads. The default is 1.0.
SOLID

Set this keyword to make a solid arrow, using polygon fills, looks better for thick
arrows.

THICK
The thickness of the body. The default is 1.0.

Examples

Draw an arrow from (100,150) to (300,350) in DEVICE units:
ARROW 100, 150, 300, 350
Draw a sine wave with arrows from theline’Y = 0 to SIN(X/4):

X = FI NDGEN( 50)
Y = SIN(x/ 4)
PLOT, X, Y

ARROW X, REPLI CATE(O,50), X, Y, /DATA
Version History
Introduced: Pre 4.0
See Also

ANNOTATE, PLOTS, VELOVECT
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ASCII_TEMPLATE

The ASCII_TEMPLATE function presents a graphical user interface (GUI) which
generates atemplate defining an ASCII file format. Templates are IDL structure
variables that may be used when reading ASCI| fileswith the READ_ASCII routine.
See READ_ASCII for details on reading ASCI| files.

This routine iswritten in the IDL language. Its source code can be found in thefile
ascii _tenpl ate. prointheli b subdirectory of the IDL distribution.

Syntax

Result = ASCII_TEMPLATE( [Filename] [, BROWSE_LINES=lines]
[, CANCEL=variable] [, GROUP=widget_id] )

Return Value
Returns atemplate defining an ASCI| file format.
Arguments

Filename

A string containing the name of afile to base the template on. If Filename is not
specified, adialog allows you to choose afile.

Keywords

BROWSE_LINES

Set this keyword equal to the number of lines that will be read in at atime when the
“Browse” button is selected. The default is 50 lines.

CANCEL

Set this keyword to a named variable that will contain the byte value 1 if the user
clicked the “Cancel” button, or O otherwise.
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GROUP

The widget ID of an existing widget that serves as “group leader” for the
ASCII_TEMPLATE graphical user interface. When a group leader is killed, for any
reason, all widgets in the group are also destroyed.

The ASCII_TEMPLATE Interface

When the ASCII_TEMPLATE function isinvoked, the following dialog is
displayed..

&l STEP 1 of 3. Define Data Type / Range

Chaose the field type which best descibes your data:
€ Fived Width [fields are aigned in colurns)

@ Delimited [commas, whitespace, ste. separate ach fisld)

Comment Sting to lgnore:
Data Starls at Line

Sellested Test Fil Fead i hext 50 Lines

This file conkains ASCII format data in a tab-delimbed table
with comments prefaced by the "$" character. It is used as

an example in documentation for Insight.

*
‘ Cancel | <2ack | Mew> | Finsh ‘

Figure 3-2: ASCII Template - Define Data Type / Range

Note
If nofilenameis supplied in the call to the ASCII_TEMPLATE function, afile

selection dialog is displayed prior to the first ASCII_TEMPLATE screen.

Thefirst page displays a representative sample of lines from the data file with their
numbers on the left. Select the field type that best describes the data. Click the Next
button on the bottom-right corner of the screen to move to the next page.
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The second page displays the number of fields per linewhichislisted asthree and the
white space is selected for the data delimiter. Click the Next button on the bottom
right corner of the screen to move to the next page.

@l STEP 2 of 3: Define Delimiter / Fields

Nurnber of Fields Per Line: (10.11.6.7 6.7/

Delimiter Between Data Elements:

 ‘White Space (" Comma " Colon
© Semicelon © Tab " Other ]

Selected Records:

Text

N EE 22.1 19.3 400 & First resord

N 15,1 33.4 & Second record
| & |0z 78.0 22.1 3.3 & Third resord
4 »

| Concel | <Back |filsts ||

Figure 3-3: ASCII Template - Define Delimiter / Fields
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Thethird page displays the columns in the data set which can be named and their data

type specified. Name the fields by typing in the name text at the upper right of the
form. Click the Finish button on the bottom-right corner of the screen.

&l STEP 3 of 3: Field Specification

[Home | Datavoe | | |y [l
fieldl |Sting
[ 2 [z suing Typs: |Sting |
fiekdll  Sting
fiekd4  Sting
f String Group WniGioup
[ s
e Group Al | Ungroup 41

Value to Assign to Missing Data: % [EEE Nal € |:|

Sample Record:

file contains  ASCIT format data in -
comments  prefaced by the g characker.
xampl. n documentati for Insight.

22.1 19.3 40.0 B First record

15.1 33.4 3 Second record

78.0 22.1 3.3 B Third record

o

| Cancel | <Back | Keso | Finsh ||

Figure 3-4: ASCII Template - Field Specification
Examples

Use the following command to generate a template structure from the file “myFile”:
nmyTenpl ate = ASClI | _TEMPLATE( nyFi | e)

Version History
Introduced: 5.0

See Also

READ_ASCII, BINARY_TEMPLATE
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ASIN

The ASIN function returns the angle, expressed in radians, whose sineis X (i.e., the
arc-sine).

For real input, the range of ASIN is between -i/2 and /2.
For input of acomplex number, Z = X +iY, the complex arcsineis given by,
asin(Z) = asin(B) + i alog(A + sqrt(A2- 1)) if Y >=0
asin(Z) = asin(B) - i alog(A + sqrt(AZ- 1)) if Y <0
where
A =05sgrt((X + 1)% + Y?) + 0.5 sgrt((X - 1)% + Y?)
B=05sgrt((X + 1)2+Y?) - 0.5 sgrt((X - 1)+ Y?)

The separation of the two formulasat Y = 0 takes into account the branch-cut
discontinuity along the real axis from -0 to -1 and +1 to +oo, and ensures that
sin(asin(Z)) isequal to Z. For reference, see formulas 4.4.37-39 in Abramowitz, M.
and Stegun, 1.A., 1964: Handbook of Mathematical Functions (Washington: National
Bureau of Standards).

Syntax
Result = ASIN(X)
Return Value
Returns the angle, expressed in radians, whose sineis X (i.e., the arc-sine).
Arguments
X

The sine of the desired angle. For real input, X should beintherange-1to +1. If X is
double-precision floating or complex, the result is of the same type. All other types
are converted to single-precision floating-point and yield floating-point results. If X
isan array, the result has the same structure, with each element containing the arcsine
of the corresponding element of X.
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Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for agiven computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by !CPU for asingleinvocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.

Examples

Find the angle whose sine is 0.707 and print the result in degrees by entering:

PRI NT, 180/! Pl *ASI N(0. 707)
IDL prints:
44,9913

Find the complex arcsine of 2 + i and print the result by entering:

PRI NT, ASI N( COWLEX( 2, 1))
IDL prints:
( 1. 06344, 1. 46935)

See the ATAN function for an example of visualizing the complex arcsine.
Version History

Introduced: Original
See Also

ACOS, COS, COSH, SIN, SINH, ATAN, TAN, TANH
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ASSOC

The ASSOC function associates an array structure with afile. It provides abasic
method of random access input/output in IDL.

Note
Unformatted datafiles generated by FORTRAN programs under UNIX contain an
extralong word before and after each logical record in the file. ASSOC does not
interpret these extra bytes but considers them to be part of the data. Thisistrue even
if the F77_UNFORMATTED keyword is specified in the OPEN statement.
Therefore, ASSOC should not be used with such files. Instead, such files should be
processed using READU and WRITEU. An example of using IDL to read such data
isgivenin “Using Unformatted Input/Output” in Chapter 10 of the Building IDL
Applications manual.

Note
Associated file variables cannot be used for output with files opened using the
COMPRESS keyword to OPEN. Thisisdueto the fact that it is not possible to
move the current file position backwardsin a compressed file that is currently open
for writing. ASSOC is alowed with compressed files opened for input only.
However, such operations may be slow due to the large amount of work required to
change the file position in a compressed file.

Effective use of ASSOC requires the ability to rapidly position the file to arbitrary
positions. In general, filesthat require random access may not be good candidates
for compression. If thisis necessary however, such files can be processed using
READU and WRITEU.

Syntax
Result = ASSOC( Unit, Array_Structure [, Offset] [, /PACKED] )
Return Value
Returns a value that when assigned to a variable, stores the association between an

array structure and afile in an associated variable. This variable provides a means of
mapping afileinto vectors or arrays of a specified type and size.
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Arguments
Unit
The IDL file unit to associate with Array_Structure.

Array_Structure

An expression of the data type and structure to be associated with Unit are taken from
Array_Structure. The actua value of Array_Structure is not used.

Offset

The offset in the file to the start of the datain thefile, in bytes.
Keywords
PACKED

When ASSOC is applied to structures, the default action is to map the actual
definition of the structure for the current machine, including any holes required to
properly align the fields. (IDL uses the same rules for laying out structures asthe C
language). If the PACKED keyword is specified, 1/0 using the resulting variable
instead works in the same manner as READU and WRITEU, and datais moved one
field at atime and there are no alignment gaps between the fields.

Examples

Suppose that the filei mages. dat holds 5 images as 256-element by 256-element
arrays of bytes. Open thefile for reading and create an associated variable by
entering:

OPENR, 1, 'inmmges.dat' ;Open the file as file unit 1.
A = ASSOC(1, BYTARR(256, 256)) ;Make an associ ated vari abl e.

Now A[Q] correspondsto the first imagein thefile, A[1] isthe second element, etc.
To display the first image in thefile, you could enter:

TV, A 0]

The datafor the first image is read and then displayed. Note that the data associated
with A[0] is not held in memory. It isread in every time there is areference to A[0].
To store the image in the memory-resident array B, you could enter:

B = AL0]
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Note
Itisalso possibleto refer to individual elements within an associated array directly,
using multiple subscripts. See“ Multiple Subscripts With Associated File Variables
in Chapter 10 of the Building IDL Applications manual for details and examples.

Version History
Introduced: Original
See Also

OPEN, READU, “Associated Input/Output” in Chapter 10 of the Building IDL
Applications manual.
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ATAN

The ATAN function returns the angle, expressed in radians, whose tangent is X (i.e.,
the arc-tangent). If two parameters are supplied, the angle whose tangent is equal to
Y/Xisreturned.

For real input, the range of ATAN is between -r/2 and ©/2 for the single argument
case, and between -t and 7 if two arguments are given.

In the single argument case with a complex number, Z = X +iY, the complex
arctangent is given by,

atan(Z) = 0.5 atan(2x, 1 - X% - y2) + 0.25 i aog((x? + (y+1)2)/(x% + (y-1)?))

In the above formula, the use of the two-argument arctangent separates the solutions
at X = 0 and takes into account the branch-cut discontinuity along the imaginary axis
from -ico to -i and +i to +ioo, and ensuresthat tan(atan(2)) isequal to Z. For reference,
see formulas 4.4.37-39 in Abramowitz, M. and Stegun, |.A., 1964: Handbook of
Mathematical Functions (Washington: National Bureau of Standards).

In the two argument case with two complex numbers Zy and Zx, the complex
arctangent is given by,

atan(Zy, Zx) = -i dog((Zx + iZy)/sqrt(Zx? + Zy?))

In the two argument case (either real or complex), if both arguments are zero then the
result is undefined.

Syntax

Result = ATAN(X [, /PHASE] )
or

Result = ATAN(Y, X)
Return Value

Returns the angle, expressed in radians, whose tangent is X (i.e., the arc-tangent). If
two parameters are supplied, the angle whose tangent is equal to Y/X is returned.
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ATAN
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Arguments

The tangent of the desired angle. If X is double-precision floating or complex, the
result is of the same type. All other types are converted to single-precision floating-
point and yield floating-point results. If X isan array, the result has the same
structure, with each element containing the arctangent of the corresponding element
of X.

An optional argument. If this argument is supplied, ATAN returns the angle whose
tangent is equal to Y/X. If both arguments are arrays, the function matches up the
corresponding elements of X and Y, returning an array with the same dimensions as
the smallest array. If one argument is a scalar and the other argumentsis an array, the
function uses the scalar value with each element of the array, and returns an array
with the same dimensions as the input array.

Keywords
PHASE

If this keyword is set, and the argument is a complex number Z, then the complex

phase angle is computed as ATAN(Imaginary(Z), Real _part(Z)). If this keyword is

not set then the complex arctangent is computed as described above. If the argument

is not complex, or if two arguments are present, then this keyword is ignored.

Tip
Using the PHA SE keyword is equivalent to computing ATAN(Imaginary(Z),
Real_part(Z)), but uses less memory and is faster.

Thread Pool Keywords

Thisroutine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for a given computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by CPU for asingleinvocation of this routine. See Appendix C, “ Thread Pool
Keywords’ for details.
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Example
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Find the angle whose tangent is 0.5 and print the result in degrees by entering:

PRI NT, 180/! Pl *ATAN(O. 5)
IDL prints:
26. 5651

Find the angle whose tangent is 0.5, taking into account that the tangent came from
the ratio -0.25/-0.5:

PRI NT, 180/!PI *ATAN(-0.25, -0.5)
IDL prints:
-153. 435

Find the complex arccosine of 2 + i and print the result by entering:

PRI NT, ATAN( COWPLEX(2, 1))
IDL prints:
( 1.17810, 0.173287)

Create avisualization of the complex arctangent:

Create a grid of conplex nunbers.

100

(FINDGEN(Nn)-(n-1)/2.0)/(n/ 4)

DCOVPLEX( REBI N( x, n, n), REBI N( TRANSPOSE( x), n, n))

n
X
z

; Try any of these transcendental functions:

; ACCS, COs, COsH, ASIN, SIN, SINH,

ATAN, TAN, TANH, ALOG EXP

fn = ATAN(z)

oReal = OBJ_NEW' | DLgrSurface', FLOAT(fn), x, x, $
COLOR=[ 255, 180, 0], STYLE=2)

olmag = OBJ_NEW ' | DLgr Surface', | MAQ NARY(fn), x, x, $
COLOR=[ 0, 150, 255], STYLE=2)

; Add graphics objects to a nodel and rotate to nice view
oMbdel = OBJ_NEW' | DLgr Model ')

oMbdel - >Add, oReal

oMbdel - >Add, ol mag

oMbdel - >ROTATE, [0,0,1], 25

oMbdel - >ROTATE, [1,0,0], -30

; Display using XOBJVI EW
; Block input so we can destroy objects after.
XOBJVI EW oModel, /BLOCK, SCALE=1, $
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TI TLE=' Conpl ex transcendental function', $
XS| ZE=700, YSI ZE=700
OBJ_DESTROY, oModel

Version History
Introduced: Original
See Also

ACOS, COS, COSH, SIN, ASIN, SINH, TAN, TANH
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AXIS
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The AXIS procedure draws an axis of the specified type and scale at a given position.

The new scaleis saved for use by subsequent overplotsif the SAVE keyword

parameter isset. By default, AXISdrawsan X axis. The XAXIS, YAXIS, and ZAXIS

keywords can be used to select a specific axis type and position.

Syntax

AXIS[, X[, YL, ZJ]] [, /OBJECTS] [, XAXIS={0| 1} | YAXIS={0| 1} | ZAXIS={0|

1|23 [, /XLOG] [, /YNOZERO] [, /YLOG]

Graphics Keywords: [, CHARSIZE=value] [, CHARTHICK=integer]
[, COLOR=valug] [, /DATA |, /DEVICE |, INORMAL] [, FONT=integer]

[, /INODATA] [, /INOERASE] [, SUBTITLE=string] [, /T3D] [, TICKLEN=value]

[,{X|Y | Z} CHARSIZE=value]

[,{X |Y | Z} GRIDSTYLE=integer{ 0 to 5}]
[{X|Y | ZYMARGIN=[left, right]]

[,{X |Y | Z} MINOR=integer]

{X|Y | Zy RANGE=[min, max]]

AX|Y | Z}STYLE=value]
| Y | Z} THICK=value]

’
’
’

Y | Z} TICK S=integer]

Y | Z} TICKV=array]

’

X
X
X
X
X
X
X
X
X
X

{
{
{
{
{
{
{
{
{
{
{
{

X |Y | Z} TITLE=string]

[
[
[
[
[
[
[,
[,
[
[
[
{
[, ZVALUE=value{0to 1}]

Arguments

X,Y,and Z

| 'Y | Z} TICKFORMAT=string]

| Y | Z} TICKINTERVAL= value]

| Y | Z} TICKLAYOUT=scalar]

| Y | Z} TICKLEN=value]

| Y | Z} TICKNAME=string_array]
|

I

I

Y | Z} TICKUNITS=string]

|Y | Z} TICK_GET=variable]

Scalars giving the starting coordinates of the new axis. If no coordinates are specified,
the axisis drawn in its default position as given by the [ XY Z]AXIS keyword. When
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drawing an X axis, the X coordinate isignored, similarly the Y and Z arguments are
ignored when drawing their respective axes (i.e., new axes will always point in the
correct direction).

Keywords

SAVE

Set this keyword to indicate that the scaling to and from data coordinates established
by the call to AXISisto be saved in the appropriate axis system variable, !X, Y, or
1Z. If thiskeyword is not present, the scaling is not changed.

XAXIS

Set this keyword to draw an X axis. If the X argument is not present, setting XAXIS
equal to 0 draws an axis under the plot window with the tick marks pointing up, and
setting XA XIS equal to one draws an axis above the plot window with the tick marks
pointing down. If the X argument is present, the X axisis positioned accordingly, and
setting XAXIS equal to 0 or 1 causesthe tick marks to point up or down, respectively.

XLOG
Set this keyword to specify alogarithmic X axis
YAXIS

Set this keyword to draw a'Y axis. If the Y argument is not present, setting YAXIS
equal to O draws an axis on the left side of the plot window with the tick marks
pointing right, and setting YAXIS equal to one draws an axis on the right side of the
plot window with the tick marks pointing |eft. If the Y argument is present, the Y axis
is positioned accordingly, and setting YAXIS equal to 0 or 1 causes the tick marks to
point right or left, respectively.

Note
The YAXIS keyword must be specified in order use any Y* graphics keywords. See
the note under “ Graphics Keywords Accepted”’ on page 125 for more information.

YLOG
Set this keyword to specify alogarithmic Y axis.
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YNOZERO

Set this keyword to inhibit setting the minimum Y axis valueto zero whenthe Y data
are al positive and non-zero, and no explicit minimum Y valueis specified (using
YRANGE, or 'Y.RANGE). By default, the Y axis spans the range of 0 to the
maximum value of Y, in the case of positive Y data. Set bit 4in!Y.STYLE to make

this option the default.
ZAXIS

Set this keyword to draw a Z axis. If the Z argument is not present, setting ZAXIS has
the following meanings:

e 0=lower (front) right, with tickmarks pointing | eft
¢ 1=lower (front) left, with tickmarks pointing right
e 2= upper (back) left, with tickmarks pointing right
e 3= upper (back) right, with tickmarks pointing left

If the Z argument is present, the Z axis is positioned accordingly, and setting ZAXIS
equal to 0 or 1 causesthetick marksto point left or right, respectively.

Note that AXI1S uses the 3D plotting transformation stored in the system variable
field !PT.

Note
The ZAXIS keyword must be specified in order use any Z* graphics keywords. See
the note under Graphics Keywords Accepted for more information.

Graphics Keywords Accepted

See Appendix B, “Graphics Keywords’ for the description of graphics and plotting
keywords not listed above.

Note
In order for the Y* or Z* graphics keywords to work with the AXIS procedure, the

corresponding YAXIS or ZAXIS keyword must be specified. For example, the
following code will not draw atitle for the Y axis:
AXI'S, YTITLE = Y-axis Title'

To use the YTITLE graphics keyword, you must specify the YAXIS keyword to
AXIS:

IDL Reference Guide AXIS



126 Chapter 3: Procedures and Functions
AXIS, YAXIS = 0, YTITLE ="' Y-axis Title'

Because the AXIS procedure draws an X axis by default, it is not necessary to
specify the XAXIS keyword in order to use the X* graphics keywords.

CHARSIZE, CHARTHICK, COLOR, DATA, DEVICE, FONT, NODATA,
NOERASE, NORMAL, SUBTITLE, T3D, TICKLEN, [XYZ]CHARSIZE,
[XYZ]GRIDSTYLE, [XYZ]MARGIN, [XYZ]MINOR, [XYZ]RANGE,
[XYZ]STYLE, [XYZ]THICK, [XYZ]TICKFORMAT, [XYZ] TICKINTERVAL,
[XYZ]TICKLAYOUT, [XYZ]TICKLEN, [XYZ]TICKNAME, [XYZ]TICKS,
[XYZ]TICKUNITS, [XYZ]TICKV, [XYZ]TICK_GET, [XYZ]TITLE, ZVALUE.

Examples

The following example shows how the AXI1S procedure can be used with normal or
polar plots to draw axes through the origin, dividing the plot window into four
quadrants:

; Make the plot, polar in this exanple, and suppress the X and Y
; axes using the XSTYLE and YSTYLE keywords:
PLOT, /POLAR, XSTYLE=4, YSTYLE=4, TITLE= Polar Plot', r, theta

; Draw an X axis, through data Y coordi nate of 0. Because the XAXI S
; keyword paraneter has a value of 0, the tick marks point down:
AXI'S, 0, 0, XAX=0, / DATA

; Simlarly, draw the Y axis through data X = 0. The tick nmarks
; point left:
AXI S, 0, 0, 0, YAX=0, / DATA

Version History
Introduced: Original
See Also

LABEL_DATE, PLOT
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BAR PLOT

The BAR_PLOT procedure creates a bar graph. This routine iswrittenin the IDL
language. Its source code can be found inthefilebar _pl ot. prointhelib
subdirectory of the IDL distribution.

Syntax

BAR_PLOT, Values [, BACKGROUND=color_index]

[, BARNAMES=string_array] [, BAROFFSET=scalar] [, BARSPACE=scalar]
[, BARWIDTH=value] [, BASELINES=vector] [, BASERANGE=scalar{0.0 to
1.0}] [, COLORS=vector] [, /OUTLINE] [, /OVERPLOT] [, /ROTATE]

[, TITLE=string] [, XTITLE=string] [, Y TITLE=string]

Arguments

Values

A vector containing the values to be represented by the bars. Each element in Values
corresponds to a single bar in the output.

Keywords
BACKGROUND

A scalar that specifiesthe color index to be used for the background color. By default,
the normal IDL background color is used.

BARNAMES

A string array, containing one string label per bar. If the bars are vertical, the labels
are placed beneath them. If horizontal (rotated) bars are specified, the labels are
placed to the left of the bars.

BAROFFSET

A scalar that specifies the offset to be applied to the first bar, in units of “nominal bar
width”. This keyword allows, for example, different groups of bars to be overplotted
on the same graph. If not specified, the default offset is equal to BARSPACE.
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BARSPACE

A scalar that specifies, in units of “nominal bar width”, the spacing between bars. For
example, if BARSPACE is 1.0, then all barswill have one bar-width of space between
them. If not specified, the bars are spaced apart by 20% of the bar width.

BARWIDTH

A floating-point value that specifies the width of the barsin units of “nominal bar
width”. The nominal bar width is computed so that all the bars (and the space
between them, set by default to 20% of the width of the bars) will fill the available
space (optionally controlled with the BASERANGE keyword).

BASELINES

A vector, the same size as Values, that contains the base value associated with each
bar. If not specified, a base value of zero is used for al bars.

BASERANGE

A floating-point scalar in the range 0.0 to 1.0, that determines the fraction of the total
available plotting area (in the direction perpendicular to the bars) to be used. If not
specified, the full available areais used.

COLORS

A vector, the same size as Values, containing the color index to be used for each bar.
If not specified, the colors are selected based on spacing the color indices as widely
as possible within the range of available colors (specified by !D.N_COLORYS).

OUTLINE
If set, this keyword specifies that an outline should be drawn around each bar.

OVERPLOT

If set, this keyword specifies that the bar plot should be overplotted on an existing
graph.

ROTATE

If set, this keyword indicates that horizontal rather than vertical bars should be drawn.
The bases of horizontal bars are on the left, “ Y™ axis and the bars extend to the right.
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TITLE

A string containing the main title for the bar plot.
XTITLE

A string containing the title for the X axis.
YTITLE

A string containing the title for the Y axis.
Examples

By using the overplotting capability, it is relatively easy to create stacked bar charts,
or different groups of bars on the same graph.

Thefollowing example creates atwo-dimensional array of 5 columns and 8 rows, and
creates a plot with 5 bars, each of which isa*stacked” composite of 8 sections.

; Handl e TrueCol or di spl ays:
DEVI CE, DECOVPOSED=0

;Load col or table:
LOADCT, 5

; Make axes bl ack:
I P. COLOR=0

;Create 5-colum by 8-row array:
array = | NDGEN(5, 8)

;Create a 2D array, equal in size to array, that has identical
;color index val ues across each rowto ensure that the same itemis
;represented by the sane color in all bars:

colors = I NTARR(5, 8)

FOR 1 =0, 7 DO colors[*,1]=(20*1)+20

;Wth arrays and colors defined, create stacked bars (note that
;the nunber of rows and columms is arbitrary):

; Scal e range to accommpdate the total bar |engths:
'Y.RANCGE = [0, MAX(array)]
nrows = N _ELEMENTS(array[O0, *])
base = | NTARR( nr ows)
FOR 1 =0, nrows-1 DO BEG N
BAR PLOT, array[*,1], COLORS=col ors[*,1], BACKGROUND=255, $
BASEL| NES=base, BARW DTH=0. 75, BARSPACE=0.25, OVER=(| GT 0)
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base = array[*, 1]
ENDFOR

; To plot each row of array as a clustered group of bars within the
;sane graph, use the BASERANGE keyword to restrict the available
;plotting region for each set of bars, where NCOLS is the nunber of
;colums in array. (In this exanple, each group uses the sane set
;of colors, but this could easily be changed.):

ncol s N_ELEMENTS(array[ *, 0])
FOR | 0, nrows-1 DO BEG N
BAR PLOT, array[*,1], COLORS=col ors[*,1], BACKGROUND=255, $
BARW DTH=0. 75, BARSPACE=0. 25, BAROFFSET=I*(1.4*ncols), $
OVER=(1 GT 0), BASERANGE=0. 12
ENDFOR

Version History

Introduced: Pre 4.0

See Also

BAR_PLOT

PLOT, PSYM Graphics Keyword
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BEGIN...END

The BEGIN...END statement defines a block of statements. A block of statementsis
agroup of statementsthat is treated as a single statement. Blocks are necessary when
more than one statement is the subject of a conditional or repetitive statement. For
more information on using BEGIN...END and other IDL program control statements,
see Chapter 12, “Program Control” in the Building IDL Applications manual.

Syntax

BEGIN
statements

END | ENDIF | ENDELSE | ENDFOR | ENDREP | ENDWHILE
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The END identifier used to terminate the block should correspond to the type of
statement in which BEGIN is used. The following table lists the correct END
identifiersto use with each type of statement.

END
Statement o Example
Identifier P
ELSE BEGIN ENDELSE IF (0) THEN A=1 ELSE BEG N
A=2
ENDEL SE
FOR variable=init, limit DO BEGIN ENDFOR FOR i=1,5 DO BEG N
PRI NT, array[i]
ENDFOR
IF expression THEN BEGIN ENDIF IF (0) THEN BEG N
A=1
ENDI F
REPEAT BEGIN ENDREP REPEAT BEG N
A=A* 2
ENDREP UNTIL A GT B
WHILE expression DO BEGIN ENDWHILE WH LE ~ EOF(1) DO BEG N
READF, 1, A B, C
ENDWHI LE
LABEL: BEGIN END LABEL1: BEG N
PRI NT, A
END
case_expression: BEGIN END CASE nane OF
'Moe': BEG N
PRI NT, ' St ooge'
END
ENDCASE
switch_expression: BEGIN END SW TCH nane OF
'Moe': BEGA N
PRI NT, ' St ooge'
END
ENDSW TCH

Table 3: Types of END Identifiers

Note
CASE and SWITCH also have their own END identifiers. CASE should always be
ended with ENDCASE, and SWITCH should always be ended with ENDSWITCH.
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Version History

Introduced: Original
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BESELI

The BESELI function returns the | Bessel function of order N for the argument X.
The BESELI function is adapted from “SPECFUN - A Portable FORTRAN Package
of Special Functions and Test Drivers’, W. J. Cody, Algorithm 715, ACM
Transactions on Mathematical Software, Vol 19, No. 1, March 1993.

Syntax
Result = BESELI(X, N[, /DOUBLE] [, ITER=variable])

Return Value

If both arguments are scalars, the function returns a scalar. If both arguments are
arrays, the function matches up the corresponding elements of X and N, returning an
array with the same dimensions as the smallest array. If one argument is a scalar and
the other argument is an array, the function uses the scalar value with each element of
the array, and returns an array with the same dimensions as the smallest input array.

Note
If the function does not converge for an element of X, the corresponding element of
the Result array will be set to the |EEE floating-point value NaN.

Arguments

X

A scalar or array specifying the values for which the Bessel function is required.
Values for X must be in the range 0 to 709.

N

A scalar or array specifying the order of the Bessel function to calculate. Valuesfor N
should be greater than or equal to 0, and can be either integers or real numbers.

Keywords
DOUBLE

Set this keyword equal to oneto return adouble-precision result, or to zero to return a
single-precision result. The computationswill always be done using double precision.
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The default is to return a single-precision result if both inputs are single precision,
and to return a double-precision result in al other cases.

ITER

Set this keyword equal to anamed variable that will contain the number of iterations
performed. If the routine converged, the stored value will be equal to the order N. If X
or N are arrays, ITER will contain a scalar representing the maximum number of
iterations.

Note
If the routine did not converge for an element of X, the corresponding element of the
Result array will be set to the | EEE floating-point value NaN, and ITER will
contain the largest order that would have converged for that X value.

Examples

The following example plotsthe | and K Bessel functions for orders 0, 1 and 2:
X = FI NDGEN( 40)/ 10

;Plot | and K Bessel Functions:
PLOT, X, BESELI (X, 0), MAX VALUE=4, $

TITLE = 'l and K Bessel Functions'
OPLOT, X, BESELI(X, 1)
OPLOT, X, BESELI (X, 2)
OPLOT, X, BESELK(X, 0), LINESTYLE=2
OPLOT, X, BESELK(X, 1), LINESTYLE=2
OPLOT, X, BESELK(X, 2), LINESTYLE=2

; Annotate plot:

xcoor ds [.18, .45, .95, 1.4, 1.8, 2.4]

ycoor ds [2.1, 2.1, 2.1, 1.8, 1.6, 1.4]

labels = ["!8KIXIDO',"!18KIXIDL',"!8KIXI D2',"181!X DO,
rgrrxipl, 8l Xepe' ]

XYQUTS, xcoords, ycoords, |abels, /DATA
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This results in the following plot:

| ond K Bessel Functions

I T

Figure 1: | and K Bessel Functions.

For an example calculating the accuracy of the Bessel function, see “Example 2” for
the BESEL Jroutine.

Version History

Introduced: Original
DOUBLE and ITER keywords: 5.6

See Also

BESELJ, BESELK, BESELY
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BESELJ

The BESEL J function returns the J Bessel function of order N for the argument X.
The BESEL Jfunction is adapted from “ SPECFUN - A Portable FORTRAN Package
of Special Functions and Test Drivers’, W. J. Cody, Algorithm 715, ACM
Transactions on Mathematical Software, Vol 19, No. 1, March 1993.

Syntax
Result = BESELJ(X, N[, /DOUBLE] [, ITER=variable])
Return Value

If both arguments are scalars, the function returns a scalar. If both arguments are
arrays, the function matches up the corresponding elements of X and N, returning an
array with the same dimensions as the smallest array. If one argument is a scalar and
the other argument is an array, the function uses the scalar value with each element of
the array, and returns an array with the same dimensions as the smallest input array.

If Xis double-precision, the result is double-precision, otherwise the result is single-
precision.

Note
If the function does not converge for an element of X, the corresponding element of
the Result array will be set to the | EEE floating-point value NaN.

Arguments

X

A scalar or array specifying the values for which the Bessel function is required.
Values for X must be in the range 0 to 108.

N

A scalar or array specifying the order of the Bessel function to calculate. Vauesfor N
should be greater than or equal to 0, and can be either integers or real numbers.
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Keywords

DOUBLE

Set thiskeyword equal to one to return adouble-precision result, or to zero to return a
single-precision result. The computationswill always be done using double precision.
The default isto return asingle-precision result if both inputs are single precision,
and to return a double-precision result in al other cases.

ITER

Set this keyword equal to anamed variable that will contain the number of iterations
performed. If the routine converged, the stored value will be equal to the order N. If X
or N are arrays, ITER will contain a scalar representing the maximum number of
iterations.

Note
If the routine did not converge for an element of X, the corresponding element of the
Result array will be set to the |EEE floating-point value NaN, and ITER will
contain the largest order that would have converged for that X value.

Examples

Example 1

The following example plotsthe Jand Y Bessel functions for orders 0, 1, and 2:
X = FI NDGEN( 100)/ 10

;Plot J and Y Bessel Functions:
PLOT, X, BESELJ(X, 0), TITLE = "'J and Y Bessel Functions'

OPLOT, X, BESELJ(X, 1)
OPLOT, X, BESELJ(X, 2)
OPLOT, X, BESELY(X, 0), LINESTYLE=2
OPLOT, X, BESELY(X, 1), LINESTYLE=2
OPLOT, X, BESELY(X, 2), LINESTYLE=2

; Annotate plot:

xcoords = [1, 1.66, 3, .7, 1.7, 2.65]

ycoords = [.8, .62,.52, -.42, -.42, -.42]

labels = ['18J!XID0O","!18J!IXIDL',"18JIXID2',"'18Y!'X DO,
gyl Xipl, 18y XiD2' ]

XYQUTS, xcoords, ycoords, |abels, /DATA
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This results in the following plot:

J and ¥ Bessel Funclions
1.0 — T T T 1

Figure 2: The J and Y Bessel Functions.

Example 2

Different order Bessel functions have recurrence relationships to each other. These
relationships can be used to determine how accurately IDL is computing the Bessel
functions. In the following example, the recurrence relationships for each order are
set to zero and the left side of the equations are plotted. The plots show how close the
left side of the equations are to zero, and therefore, how accurate IDL’s computation
of the Bessel functions are.

This example uses the following recurrence relationship:

X(J_1(X)+ 3,4 1(X))—2nJ(x) = O
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where J(X) isthe Bessel function of the first kind of order n—1, n, or n+ 1. (Similar
recurrence relationships could be used for the other forms of the Bessel function.)
Results are plotted for n equal to 1 through 6.

PRO Anal yzi ngBESELJ

; Derive x val ues.
x = (DI NDGEN(1000) + 1.)/100.

; Initialize display w ndow.
W NDOW 0, TITLE = 'Bessel Functions'

; Display the first 8 orders of the Bessel function of
; the first kind.
PLOT, x, BESELJ(x, 0), /XSTYLE, /YSTYLE, $
XTITLE = "x', YTITLE = "f(x)', $
TITLE = ' Bessel Functions of the First Kind'

OPLOT, x, BESELJ(x, 1), LINESTYLE =1
OPLOT, x, BESELJ(x, 2), LINESTYLE = 2
OPLOT, x, BESELJ(x, 3), LINESTYLE = 3
OPLOT, x, BESELJ(x, 4), LINESTYLE = 4
OPLOT, x, BESELJ(x, 5), LINESTYLE =5
OPLOT, x, BESELJ(Xx, 6), LINESTYLE =0
OPLOT, x, BESELJ(x, 7), LINESTYLE =1

; Initialize display window for recurrence rel ations.
W NDOW 1, XSIZE = 896, YSIZE = 512, $

TITLE = 'Testing the Recurrence Rel ati ons'
'P. MULTI =[O0, 2, 3, 0, 0]

c Initialize title variable.
nString =['0", "1, 2", "3, "4, '5 [ "6, '7]

; Display recurrence relationships for order 1 to 6.
; NOTE: the results of these relationships should be
; very close to zero.
FOR n =1, 6 DO BEG N
equation = x*(BESELJ(x, (n - 1)) + $
BESELJ(x, (n + 1))) - 2.*FLQOAT(n)*BESELJ(x, n)
PLOT, x, equation, /XSTYLE, /YSTYLE, CHARSIZE = 1.5, $

TITLE="'n =" + nString[n] +"': Oders of ' + $
nString[n - 1] + ', ' + nString[n] + ', and ' + $
nString[n + 1]
PRINT, 'n ="' + nString[n] + "': '
PRINT, "minimum= ", M N(equati on)
PRI NT, 'maxi mum ="', MAX(equati on)
ENDFOR

; Return display window back to its default setting, one
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; display per w ndow.
'P. MULTI =0

END
The results for this example are shown in the following figure.

n=1: Orders of 0. 1, and 2 _ n=2 Ordersof 1.2 ond 3
=l

Figure 3: Recurrence Relationship for J(x)

All of these plots show that this Bessel function is calculated accurately within
machine tolerance.

Version History

Introduced: Original
DOUBLE and ITER keywords: 5.6

See Also

BESELI, BESELK, BESELY
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BESELK

The BESELK function returns the K Bessel function of order N for the argument X.
The BESELK functionisadapted from “ SPECFUN - A Portable FORTRAN Package
of Special Functions and Test Drivers’, W. J. Cody, Algorithm 715, ACM
Transactions on Mathematical Software, Vol 19, No. 1, March 1993.

Syntax
Result = BESELK( X, N[, /DOUBLE] [, ITER=variable])
Return Value

If both arguments are scalars, the function returns a scalar. If both arguments are
arrays, the function matches up the corresponding elements of X and N, returning an
array with the same dimensions as the smallest array. If one argument is a scalar and
the other argument is an array, the function uses the scalar value with each element of
the array, and returns an array with the same dimensions as the smallest input array.

If Xis double-precision, the result is double-precision, otherwise the result is single-
precision.

Note
If the function does not converge for an element of X, the corresponding element of
the Result array will be set to the |EEE floating-point value NaN.

Arguments

X

A scalar or array specifying the values for which the Bessel function is required.
Values for X must be greater than or equal to zero.

N

A scalar or array specifying the order of the Bessel function to calculate. Valuesfor N
should be greater than or equal to 0, and can be either integers or real numbers.
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Keywords

DOUBLE

Set thiskeyword equal to one to return adouble-precision result, or to zero to return a
single-precision result. The computationswill always be done using double precision.
The default isto return asingle-precision result if both inputs are single precision,
and to return a double-precision result in al other cases.

ITER

Set this keyword equal to anamed variable that will contain the number of iterations
performed. If the routine converged, the stored value will be equal to the order N. If X
or N are arrays, ITER will contain a scalar representing the maximum number of
iterations.

Note
If the routine did not converge for an element of X, the corresponding element of the
Result array will be set to the | EEE floating-point value NaN, and ITER will
contain the largest order that would have converged for that X value.

Examples

The following example plotsthe | and K Bessel functions for orders 0, 1 and 2:
X = FI NDGEN( 40)/ 10

;Plot | and K Bessel Functions:
PLOT, X, BESELI(X, 0), MAX VALUE=4, $

TITLE = 'l and K Bessel Functions'
OPLOT, X, BESELI(X, 1)
OPLOT, X, BESELI(X, 2)
OPLOT, X, BESELK(X, 0), LINESTYLE=2
OPLOT, X, BESELK(X, 1), LINESTYLE=2
OPLOT, X, BESELK(X, 2), LINESTYLE=2

; Annotate plot:

xcoor ds [.18, .45, .95, 1.4, 1.8, 2.4]

ycoor ds [2.1, 2.1, 2.1, 1.8, 1.6, 1.4]

labels = ['"!18KIXIDO","!8KIXIDL',"!8KIXI D2',"181!X DO,
g xipl, 18l Xipe' ]

XYQUTS, xcoords, ycoords, |abels, /DATA
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This results in the following plot:

| ond K Bessel Functions

I T

Figure 4: | and K Bessel Functions.

For an example calculating the accuracy of the Bessel function, see “Example 2” for
the BESEL Jroutine.

Version History

Introduced: 5.4
DOUBLE and ITER keywords: 5.6

See Also

BESELI, BESELJ, BESELY
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BESELY

The BESELY function returnsthe Y Bessel function of order N for the argument X.
The BESELY function is adapted from “ SPECFUN - A Portable FORTRAN Package
of Special Functions and Test Drivers’, W. J. Cody, Algorithm 715, ACM
Transactions on Mathematical Software, Vol 19, No. 1, March 1993.

Syntax
Result = BESELY (X, N[, /DOUBLE] [, ITER=variable))
Return Value

If both arguments are scalars, the function returns a scalar. If both arguments are
arrays, the function matches up the corresponding elements of X and N, returning an
array with the same dimensions as the smallest array. If one argument is a scalar and
the other argument is an array, the function uses the scalar value with each element of
the array, and returns an array with the same dimensions as the smallest input array.

If Xis double-precision, the result is double-precision, otherwise the result is single-
precision.

Note
If the function does not converge for an element of X, the corresponding element of
the Result array will be set to the | EEE floating-point value NaN.

Arguments

X

A scalar or array specifying the values for which the Bessel function is required.
Values for X must be in the range 0 to 108.

N

A scalar or array specifying the order of the Bessel function to calculate. Vauesfor N
should be greater than or equal to 0, and can be either integers or real numbers.
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Keywords

DOUBLE

Set thiskeyword equal to one to return adouble-precision result, or to zero to return a
single-precision result. The computationswill always be done using double precision.
The default isto return asingle-precision result if both inputs are single precision,
and to return a double-precision result in al other cases.

ITER

Set this keyword equal to anamed variable that will contain the number of iterations
performed. If the routine converged, the stored value will be equal to the order N. If X
or N are arrays, ITER will contain a scalar representing the maximum number of
iterations.

Note
If the routine did not converge for an element of X, the corresponding element of the
Result array will be set to the |EEE floating-point value NaN, and ITER will
contain the largest order that would have converged for that X value.

Examples

The following example plotsthe Jand Y Bessel functions for orders 0, 1, and 2:
X = FI NDGEN( 100)/ 10

;Plot J and Y Bessel Functions:
PLOT, X, BESELJ(X, 0), TITLE = 'J and Y Bessel Functions'

OPLOT, X, BESELJ(X, 1)
OPLOT, X, BESELJ(X, 2)
OPLOT, X, BESELY(X, 0), LINESTYLE=2
OPLOT, X, BESELY(X, 1), LINESTYLE=2
OPLOT, X, BESELY(X, 2), LINESTYLE=2

; Annotate plot:

xcoor ds [1, 1.66, 3, .7, 1.7, 2.65]

ycoor ds [.8, .62,.52, -.42, -.42, -.42]

labels = ['!18J!XID0O","!18J!IXIDL',"18JIXID2',"'18Y!'X DO,
gyl Xipl, 18y XiD2' ]

XYQUTS, xcoords, ycoords, |abels, /DATA
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This results in the following plot:

J and ¥ Bessel Funclions
1.0 — T T T 1

Figure 5: The J and Y Bessel Functions.

For an example calculating the accuracy of the Bessel function, see “Example 2” for
the BESEL Jroutine.

Version History

Introduced: Original
DOUBLE and ITER keywords: 5.6

See Also

BESELI, BESELJ, BESELK
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BETA

The BETA function returns the value of the beta function B(Z, W). Thisroutineis
written in the IDL language. Its source code can befound inthefilebet a. pr o inthe
|'i b subdirectory of the IDL distribution.

Syntax

Result = BETA( Z, W[, /DOUBLE] )

Return Value

If both arguments are scalar, the function returns a scalar. If both arguments are
arrays, the function matches up the corresponding elements of Z and W, returning an
array with the same dimensions as the smallest array. If one argument is a scalar and
the other argument is an array, the function uses the scalar value with each element of
the array, and returns an array with the same dimensions as the input array.

If both of the arguments are double-precision or if the DOUBLE keyword is set, the
result is double-precision, otherwise the result is single-precision.

Arguments

Z;

w

The point at which the beta function isto be evaluated. Z and W can be scalar or array.
Z or W may be complex.

Keywords

DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.

Thread Pool Keywords

BETA

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for a given computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
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by CPU for asingleinvocation of this routine. See Appendix C, “ Thread Pool
Keywords’ for detalils.

Examples

To evaluate the beta function at the point (1.0, 1.1) and print the result:
PRI NT, BETA(1.0, 1.1)
IDL prints:
0. 909091
The exact solution is:
((1.00 * .95135077) / (1.10 * .95135077)) = 0.909091.

Version History

Introduced: 4.0.1

Z and W arguments accept complex input: 5.6
See Also

GAMMA, IBETA, IGAMMA, LNGAMMA
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BILINEAR

The BILINEAR function uses a bilinear interpolation algorithm to compute the value
of adata array at each of a set of subscript values.

Thisroutineiswritten in the IDL language. Its source code can be found in thefile
bi li near. prointheli b subdirectory of the IDL distribution.

Syntax
Result = BILINEAR(P, 1X, JY)

Return Value

This function returns a two-dimensional interpolated array of the same type as the
input array.

Arguments

P
A two-dimensional data array.
IX and JY

Arrays containing the X and Y “virtual subscripts’ of P for which to interpolate
values. | X and JY can be either of the following:

¢ One-dimensional, n-element floating-point arrays of subscriptsto look upinP.
One-dimensional arrays will be converted to two-dimensional arraysin such a
way that | X contains n identical rows and JY contains nidentical columns.

e Two-dimensional, n-element floating-point arrays that uniquely specify the X
subscripts (the | X array) and the Y subscripts (the JY array) of the pointsto be
computed from the input array P.

In either case, | X must satisfy the expressions
0<=MIN(IX) <NO and 0 < MAX(IX) <=NO

where NO is the total number of columnsin the array P. JY must satisfy the
expressions

0 <= MIN@JY) < MO and 0 < MAX(JY) <= MO
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where MO is the total number of rowsin the array P.

It is better to use two-dimensional arraysfor | X and JY because the algorithm is
somewhat faster. If | X and JY are specified as one-dimensional, the returned two-
dimensional arrays| X and JY can be re-used on subsequent calls to take advantage of
the faster 2D algorithm.

Keywords
None.
Examples

Create a 3 x 3 floating point array P:
P = FI NDGEN( 3, 3)

Suppose we wish to find the value of a point half way between the first and second
elements of the first row of P. Create the subscript arrays| X and JY:

IX =0.5 ;Define the X subscript.

JY = 0.0 ;Define the Y subscript.

Z = BILINEAR(P, IX, JY) ;lInterpolate.

PRINT, Z ;Print the value at the point I X JY within P.

IDL prints:
0. 500000

Suppose we wish to find the values of a2 x 2 array of pointsin P. Create the subscript
arrays| Xand JY:

IX=1[[0.5 1.9], [1.1, 2.2]] ;Define the X subscripts.
JY = [[0.1, 0.9], [1.2, 1.8]] ;Define the Y subscripts.
Z = BILINEAR(P, IX, JY) ;Interpolate.
PRINT, Z ;Print the array of val ues.

IDL prints:

0. 800000 4.60000
4.70000 7.40000

Version History

Introduced: Original

IDL Reference Guide BILINEAR



152

See Also

INTERPOL, INTERPOLATE, KRIG2D
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BIN_DATE

The BIN_DATE function converts a standard form ASCII date/time string to a binary
string.

Thisroutineiswritten in the IDL language. Its source code can be found in thefile
bi n_date. prointhel i b subdirectory of the IDL distribution.

Syntax
Result = BIN_DATE(Ascii_Time)

Return Value

The function returns a six-element integer array where:
e Element Oistheyear (e.g., 1994)
e Element 1 isthe month (1-12)
¢ Element 2isthe day (1-31)
¢ Element 3isthe hour (0-23)
¢ Element 4 is minutes (0-59)

e Element 5is seconds (0-59)
Arguments
Ascii_Time

A string containing the date/time to convert in standard ASCII format. If this
argument is omitted, the current date/time is used. Standard form is a 24 character
string:

DOW MON DD HH: MM SS YYYY

where DOW isthe day of the week, MON is the month, DD is the day of month,
HH:MM:SSis thetimein hours, minutes, second, and YYYY isthe year.

Keywords

None.
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Version History
Introduced: Pre4.0
See Also

CALDAT, JULDAY, SYSTIME
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BINARY_TEMPLATE

The BINARY_TEMPLATE function presents agraphical user interface which allows
the user to interactively generate atemplate structure for use with READ_BINARY.

The graphical user interface allows the user to define one or more fields in the binary
file. Thefile may be big, little, or native byte ordering.

Individual fields can be edited by the user to define the dimensionality and type of
data to be read. Where necessary, fields can be defined in terms of other previously
defined fields using IDL expressions. Fields can also be designated as “ Verify”.
When afileisread using atemplate with “Verify” fields, those fieldswill be checked
against a user defined value supplied via the template.

Note
Greater than (“>") and less than (“<") symbols can appear in the “New Field” and
the “Modify Field” dialogs where the offset value is displayed. The presence of
either symbol indicates that the supplied offset value is “relative” from the end of
the previous field or from the initial position in the file. Greater than means offset
forward. Less than means offset backward. “>0" and “<0” are synonymous and
mean “offset zero bytes’. You can delete these special symbols (thereby indicating
that their corresponding offset value is not “relative”) by typing over them in the
“New Field” or “Modify Field” dialogs.

Syntax

Result = BINARY_TEMPLATE ( [Filename] [, CANCEL =variable]
[, GROUP=widget_id] [, N_ROWS=rows] [, TEMPLATE=variable] )

Return Value
This function returns an anonymous structure that contains the template. If the user
cancels out of the graphical user interface and no initial template was supplied, it
returns zero.

Arguments

Filename

A scalar string containing the name of a binary file which may be used to test the
template. Asthe user interacts with the BINARY_TEMPLATE graphical user
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interface, the user’s input will be tested for correctness against the binary datain the
file. If filename is not specified, adialog allows the user to choose thefile.

Keywords

CANCEL

Set this keyword to a named variable that will contain the byte value 1 if the user
clicked the “ Cancel” button, or O otherwise.

GROUP

Thewidget ID of an existing widget that serves as “group leader” for the
BINARY_TEMPLATE interface. When a group leader iskilled, for any reason, al
widgetsin the group are also destroyed.

N_ROWS

Set this keyword to the number of rows to be visiblein the BINARY_TEMPLATE's
table of fields.

Note
The N_ROWS keyword is analogous to the WIDGET_TABLE and the

Y_SCROLL_SIZE keywords.

TEMPLATE

Set this keyword to structure variable containing an initial template (usualy from a
previouscall to BINARY _TEMPLATE). Thistemplate structurewill be used tofill in
theinitial fieldsin the new BINARY_TEMPLATE. If TEMPLATE is specified and
the user cancels out of the dialog, the specified template will be returned as the

Result.
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The BINARY_TEMPLATE Interface

When the BINARY _TEMPLATE function isinvoked, the following dialog is
displayed:

&ll|Binary Template [ %]
Template name:l File's byte: ordering: INative 'l

Fields:

Offset | # Dims Return

Mew Field... | Modify Field... | Femove Field

&I Cancel |

Figure 3-5: Binary Template

The Template Name s optional, and can be any string.

The byte order in the file is selected using the using the File's byte ordering: pull-
down menu. The choices are:

¢ Native— Thetype of storage method that is native to the machine you are
currently running. Little Endian for Intel microprocessor-based machines and
Big Endian for Motorola microprocessor-based machines. No byte swapping
will be performed.

e Little Endian — A method of storing numbers so that the least significant
byte appearsfirst in the number. For example, given the hexadecimal number
A02B, thelittle endian method specifies the number to be stored as 2BAO.
Specify thisif the original file was created on a machine that uses an Intel
Mi Croprocessor.

e Big Endian — A method of storing numbers so that the most significant byte
appearsfirst in the number. For example, given the hexadecimal number
A02B, the big endian method specifies the number to be stored as A02B.
Specify thisif the origina file was created on a machine that uses a Motorola
Mi Croprocessor.
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Fields are read in the order in which they are listed in the main dialog for
BINARY_TEMPLATE, with offsets being added to the current file position pointer
before each field isread. If afield has already been defined, clicking in the Return
column will toggle the value of the field between Yes and No. Fields that are not
marked for return can be used for calculations by other fieldsin the template. At least
one field must be marked Yes for return in order for the BINARY_TEMPLATE
function to return atemplate. Click New Field... to enter the description of a new
template field. The New Field dialog appears.

il New Field
Field rame: |
Type: | Byte [unsigned B-bits] = Mumber of dimensions; | 0 [scalar]
Offset: [0 bytes: Tat Gize l— [ Flms
e 2nd Size: I Feverse
Srd: Size: I Feverse
emplate e Gize
When a fle is 1ead, this fild should be: B Se
[¥ Retuined in the result Bt Gize
7t Gie
I~ Verified as being equal to:
Bt Gize
The: Verify lield can contain a number of an SPIESSIon  Each dimension ean be an integer or an expr
invalving fields defined earlier in the template. irvalving fields defined earlier in the template.
0K | Cancel

Figure 3-6: Binary Template - New Field

The Field Name can be any string.

The Type of each Template-specified field is selected from a droplist that offers the
following IDL types: byte, integer, long, float, double, complex, dcomplex, uint,
ulong, long64 and ulong64. Strings are read as an array of bytes for later conversion
to type STRING.

Offsets can be specified using integer values, field names, or any valid IDL
expression.

* Anabsolute integer offset specifies afixed location (in bytes) from the
beginning of the file (or the initial file position for an externally opened file).

* A rdativeinteger offset specifies a position relative to the current file position
pointer after the previousfield (if any) isread. Relative offsets are shown in the
BINARY_TEMPLATE user interface with a preceding > or < character, to
indicate a positive (>) or negative (<) byte offset.
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e Expressions can include the names of fields that will be read before the current
field — that is, the field number of the referenced field must be lower than the
field number of the field being defined.

The Verify field can contain an integer, field name, or any valid IDL expression. Only
scalar fields can be verified. READ_BINARY reports an error if averification fails.

The Number of Dimensions of afield can be set viaadroplist of values O (scalar) to
8 (which is the maximum number of dimensionsthat an IDL variable can have.) The
size of each dimension can be an integer, field name, or any valid IDL expression.
Any of the first three dimensions of array data can also be specified to be reversed in
order.

Note
If BINARY_TEMPLATE iscalled by aprogram that is running in the IDL Virtua
Machine, the Offsets, Verify, and Size fields can contain integers or field names,
but not an IDL expression.

Click OK to create the new field definition, and repeat to define al necessary fields.

The BINARY _TEMPLATE function returns a structure variable containing the
template. The template variable can be saved and used as the value of the
TEMPLATE keyword to the READ_BINARY function:

tenpl ate = Bl NARY_TEMPLATE(fi | e. dat)
Result = READ BINARY('file.dat', TEMPLATE=tenpl ate)

wherefile.dat isabinary datafile to be read. The template variable can also be reused
as the value of the TEMPLATE keyword to BINARY _TEMPLATE.

Version History
Introduced: 5.3
See Also

READ_BINARY, ASCII_TEMPLATE
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BINDGEN

The BINDGEN function creates a byte array with the specified dimensions. Each
element of the array is set to the value of its one-dimensional subscript.

Syntax
Result = BINDGEN(D, [, ...,.Dg])
Return Value
This function returns a byte array with the specified dimensions.
Arguments
D

Either an array or a series of scalar expressions specifying the dimensions of the
result. If asingle argument is specified, it can be either a scalar expression or an array
of up to eight elements. If multiple arguments are specified, they must al be scalar
expressions. Up to eight dimensions can be specified. If the dimension arguments or
array elements are not integer values, IDL will convert them to integer values before
creating the new array.

Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for a given computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by 'CPU for asingle invocation of this routine. See Appendix C, “ Thread Pool
Keywords’ for details.

Examples

To create a four-element by four-element byte array, and store the result in the
variable A, enter:
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A = Bl NDGEN( 4, 4)

Each element in A holds the value of its one-dimensional subscript. That is, if you
enter the command:

PRINT, A
IDL printsthe result:

0 1 2 3
4 5 6 7
8 9 10 11
12 13 14 15

Version History
Introduced: Original
See Also

CINDGEN, DCINDGEN, DINDGEN, FINDGEN, INDGEN, LINDGEN,
SINDGEN, UINDGEN, UL64INDGEN, ULINDGEN
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BINOMIAL

The BINOMIAL function computes the probability that in a cumulative binomial
(Bernoulli) distribution, a random variable X is greater than or equal to a user-
specified value V, given N independent performances and a probability of occurrence
or success P in a single performance:
N
Probability(X>V) = Z

x=V

N!
X (N —x)!

P*1-p)yN Y

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
bi nomi al . prointhel i b subdirectory of the IDL distribution.

Syntax
Result = BINOMIAL(V, N, P [, /DOUBLE] [, /GAUSSIAN] )

Return Value

This function returns a single- or double-precision floating point scalar or array that
contains the value of the probability.

Arguments

Vv

A non-negative integer specifying the minimum number of times the event occursin
N independent performances.

N
A non-negative integer specifying the number of performances.

P

A non-negative single- or double-precision floating-point scalar or array, in the
interval [0.0, 1.0], that specifies the probability of occurrence or success of asingle
independent performance.
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Keywords

DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.

GAUSSIAN

Set this keyword to use the Gaussian approximation, by using the normalized variable
Z=(V—-NP)/SQRT(NP(1 —P)).

Note
The Gaussian approximation is useful when N islarge and neither P nor (1-P) is
close to zero, where the binomial summation may overflow. If GAUSSIAN is not
explicitly set, and the binomial summation overflows, then BINOMIAL will
automatically switch to using the Gaussian approximation.

Examples

Compute the probability of obtaining at least two 6sin rolling adie four times. The
result should be 0.131944.

result = BINOMAL(2, 4, 1.0/6.0)

Compute the probability of obtaining exactly two 6sinrolling adie four times. The
result should be 0.115741.

result = BINOMAL(2, 4, 1./6.) - BINOMAL(3, 4, 1./6.)

Compute the probability of obtaining three or fewer 6sin rolling adiefour times. The
result should be 0.999228.

result = BINOMAL(O, 4, 1./6.) - BINOMAL(4, 4, 1./6.)
Version History

Introduced: Pre 4.0
See Also

CHISQR_PDF, F_PDF, GAUSS PDF, T_PDF
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BLAS_AXPY

The BLAS AXPY procedure updates an existing array by adding a multiple of
another array. It can aso be used to update one or more one-dimensional subvectors
of an array according to the following vector operation:

Y =aX+Y

where aisascale factor and X isan input vector.
BLAS_AXPY can be faster and use less memory than the usual IDL array notation
(e.g. Y=Y+A* X) for updating existing arrays.

Note
BLAS AXPY is much faster when operating on entire arrays and rows, than when
used on columns or higher dimensions.

Syntax
BLAS AXPY, Y, A, X[, D1, Locl [, D2, Range]]
Arguments
Y

The array to be updated. Y can be of any numeric type. BLAS AXPY does not
change the size and type of Y.

A

The scaling factor to be multiplied with X. A may be any scalar or one-element array
that IDL can convert to the type of X. BLAS_AXPY does not change A.

X

The array to be scaled and added to array Y, or the vector to be scaled and added to
subvectors of Y.

D1

An optional parameter indicating which dimension of Y isto be updated.
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Locl

A variable with the same number of elements as the number of dimensions of Y. The
Locl and D1 arguments together determine which one-dimensional subvector (or
subvectors, if D1 and Range are provided) of Y isto be updated.

D2

An optional parameter, indicating in which dimension of Y a group of one-
dimensional subvectors are to be updated. D2 should be different from D1.

Range

A variable containing D2 indicesindicating where to put one-dimensional updates of
Y.

Keywords
None.

Examples

The following examples show how to usethe BLAS AXPY procedure to add a
multiple of an array, add a constant, and a group of subvectors.

seed = 5L
Create amultidimensional array:
A = FINDGEN(4, 5, 2)

Print A:
PRI NT, A
IDL prints:
0. 000000 1. 00000 2. 00000 3. 00000
4. 00000 5. 00000 6. 00000 7. 00000
8. 00000 9. 00000 10. 0000 11. 0000
12. 0000 13. 0000 14. 0000 15. 0000
16. 0000 17. 0000 18. 0000 19. 0000
20. 0000 21. 0000 22.0000 23. 0000
24. 0000 25. 0000 26. 0000 27.0000
28. 0000 29. 0000 30. 0000 31. 0000
32. 0000 33. 0000 34. 0000 35. 0000
36. 0000 37. 0000 38. 0000 39. 0000
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Create arandom update:
B = RANDOMJ(seed, 4, 5, 2)

Print B
PRINT, B
IDL prints:
0.172861 0. 680409 0.917078 0. 917510
0. 766779 0. 648501 0. 334211 0. 505953
0. 652182 0.158174 0.912751 0. 257593
0.810990 0. 267308 0.188872 0. 237323
0.312265 0. 551604 0. 944883 0. 673464
0. 613302 0. 0874299 0. 782052 0. 374534
0. 0799968 0. 581460 0. 433864 0. 459824
0. 634644 0. 182057 0. 832474 0. 235194
0. 432587 0. 453664 0. 738821 0. 355747
0.933211 0. 388659 0. 269595 0. 796325
Add amultipleof Bto A (i.e.,, A=A + 45*B):
BLAS _AXPY, A 4.5, B
Print A:
PRI NT, A
IDL prints:
0.777872 4.06184 6. 12685 7.12880
7.45051 7.91825 7.50395 9.27679
10. 9348 9.71178 14. 1074 12. 1592
15. 6495 14. 2029 14. 8499 16. 0680
17. 4052 19. 4822 22.2520 22.0306
22. 7599 21.3934 25.5192 24. 6854
24. 3600 27.6166 27.9524 29. 0692
30. 8559 29. 8193 33. 7461 32.0584
33. 9466 35. 0415 37.3247 36. 6009
40. 1994 38. 7490 39. 2132 42.5835

Add a constant to a subvector of A (i.e. A[*, 3, 1] = A[*, 3, 1] + 4.3):
BLAS AXPY, A, 1., REPLICATE(4.3, 4), 1, [0, 3, 1]
Print A:
PRINT, A
IDL prints:
0.777872 4.06184 6. 12685 7.12880
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7.45051
10. 9348
15. 6495
17. 4052

22.7599
24. 3600
30. 8559
38. 2466
40. 1994

Create a vector update:
C = FI NDGEN(5)
Print C:
PRINT, C
IDL prints:
0. 000000

BLAS_AXPY, A 1.,
Print A:

PRINT, A
IDL prints:

0.777872
7.45051
10. 9348
15. 6495
17. 4052

22. 7599
24.3600
30. 8559

38. 2466
40. 1994

Version History
Introduced: 5.1
See Also

REPLICATE_INPLACE
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7.91825
9.71178

14.
19

21.
27
29
39
38

2029
4822

3934
6166
8193
3415
7490

1. 00000

C 2,

4.06184
8. 91825

11.
17
23.

21.
28
31.
42
42

7118
2029
4822

3934
6166
8193
3415
7490

7.50395

14.
14.
22.

25.
27.
33.
41.
39.

1074
8499
2520

5192
9524
7461
6247
2132

2. 00000

[1, 0, O],

3, LI NDGEN(2)

6. 12685
7.50395

14.
14.
22.

25.
27.
33.
41.
39.

1074
8499
2520

5192
9524
7461
6247
2132

9. 27679

12.
16.
22.

24.
29.
32.
40.
42.

1592
0680
0306

6854
0692
0584
9009
5835

3. 00000
Add C to agroup of subvectorsof A (i.e. FORi=0,1DOAJ[1, *,i] =A[L,*,i] + C):

7.12880
9. 27679

12.
16.
22.

24.
29.
32.
40.
42.

1592
0680
0306

6854
0692
0584
9009
5835
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BLK_CON

The BLK_CON function computes a “fast convolution” of adigital signal and an
impul se-response sequence. It returns the filtered signal.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
bl k_con. prointhel i b subdirectory of the IDL distribution.

Syntax

Result = BLK_CON( Filter, Signal [, B_LENGTH=scalar] [, /DOUBLE] )

Return Value

This function returns a vector with the same length as Sgnal. If either of the input
arguments are double-precision or the DOUBLE keyword is set, the result is double-
precision, otherwise the result is single-precision.

Arguments

Filter

A P-dlement floating-point vector containing the impul se-response sequence of the
digital filter.

Signal
An n-element floating-point vector containing the discrete signal samples.

Keywords

B_LENGTH

A scalar specifying the block length of the subdivided signal segments. If this
parameter is not specified, a near-optimal value is chosen by the algorithm based
upon the length P of the impul se-response sequence. If P isavaluelessthan 11 or
greater than 377, then B_LENGTH must be specified.

B_LENGTH must be greater than the filter length, P, and |ess than the number of
signal samples.
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DOUBLE

Set this keyword to force the computation to be done using double-precision
arithmetic.

Examples

; Create a filter of length P = 32:

filter = REPLI CATE(1. 0, 32) ;Set all points to 1.0
filter(2*I NDGEN(16)) = 0.5 ; Set even points to 0.5
; Create a sanpled signal with random noi se:

signal = SI N((FI NDGEN(1000)/ 35.0)"2.5)

noi se = ( RANDOMJ( SEED, 1000) - . 5) / 2.

signal = signal + noise

; Convolve the filter and signal using block convol ution:
result = BLK_CON(filter, signal)

Version History
Introduced:; Pre 4.0
See Also

CONVOL

IDL Reference Guide BLK_CON



170

BOX_CURSOR

The BOX_CURSOR procedure emul ates the operation of a variable-sized box cursor
(also known as a“marquee” selector).

Warning
BOX_CURSOR does not function properly when used within a draw widget. See
the BUTTON_EVENTS and MOTION_EVENTS keywords in WIDGET_DRAW.

This routine iswritten in the IDL language. Its source code can be found in thefile
box_cursor. prointhel i b subdirectory of the IDL distribution.

Using BOX_ CURSOR

Once the box cursor has been realized, hold down the left mouse button to move the
box by dragging. Hold down the middle mouse button to resize the box by dragging.
(The corner nearest the initial mouse position is moved.) Press the right mouse button
to exit the procedure and return the current box parameters.

On machines with only two mouse buttons, hold down the left and right buttons
simultaneously to resize the box.

Syntax
BOX_CURSOR, [ X0, YO, NX, NY[, /INIT] [, /FIXED_SIZE]] [, IMESSAGE]
Arguments

X0, YO

Named variables that will contain the coordinates of the lower |eft corner of the box
Cursor.

NX, NY

Named variables that will contain the width and height of the cursor, in pixels.
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Keywords

INIT

If this keyword is set, the arguments X0, YO, NX, and NY contain the initial position
and size of the box.

FIXED_SIZE

If this keyword is set, NX and NY contain theinitial size of the box. This size may not
be changed by the user.

MESSAGE

If this keyword is set, IDL prints a message describing operation of the cursor.
Version History

Introduced: Pre 4.0
See Also

Routines; CURSOR

Keywordsto “IDL Graphics Devices’ on page 3781: CURSOR_CROSSHAIR,
CURSOR_IMAGE, CURSOR_STANDARD, CURSOR_XY
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BREAK

The BREAK statement provides a convenient way to immediately exit from aloop
(FOR, WHILE, REPEAT), CASE, or SWITCH statement without resorting to GOTO
Statements.

Note
BREAK isan IDL statement. For information on using statements, see Chapter 12,
“Program Control” in the Building IDL Applications manual.

Syntax
BREAK
Examples
This example exits the enclosing WHILE loop when the value of i hits 5.
Il =0
WH LE (1) DO BEG N
i =i +1
IF (i eq 5) THEN BREAK
ENDWHI LE
Version History

Introduced: 5.4
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BREAKPOINT

The BREAKPOINT procedure allows you to insert and remove breakpointsin
programs for debugging. A breakpoint causes program execution to stop after the
designated statement is executed. Breakpoints are specified using the source file
name and line number. For multiple-line statements (statements containing “$”, the
continuation character), specify the line number of the last line of the statement.

You can insert breakpointsin programs without editing the source file. Enter the
following:

HELP, /BREAKPO NT

to display the breakpoint table which gives the index, module and source file
locations of each breakpoint.

Syntax

BREAKPOINT [, File], Index [, AFTER=integer] [, /CLEAR]
[, CONDITION="expression’] [, /DISABLE] [, /ENABLE] [, /ON_RECOMPILE]
[, /ONCE] [, /SET]

Arguments
File

An optional string argument that contains the name of the sourcefile. Note that if File
is not in the current directory, the full path name must be specified even if Fileisin
one of the directories specified by |PATH.

Index

The line number at which to clear or set a breakpoint.
Keywords
AFTER

Set this keyword equal to an integer n. Execution will stop only after the nth time the
breakpoint is hit. For example:

BREAKPO NT, /SET, 'test.pro', 8, AFTER=3
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sets a breakpoint at the eighth line of thefilet est . pr o, but only stops execution
after the breakpoint has been encountered three times.

CLEAR

Set this keyword to remove a breakpoint. The breakpoint to be removed is specified
either by index, or by the source file and line number. Use command HELP,
/ BREAKPQO NT to display the indices of existing breakpoints. For example:

Cl ear breakpoint with an index of 3:
BREAKPO NT, /CLEAR, 3

Cl ear the breakpoint corresponding to the statenent in the file

; test.pro, |line nunber 8:
BREAKPO NT, /CLEAR, 'test.pro',8
CONDITION

Set this keyword to a string containing an IDL expression. When a breakpoint is
encountered, the expression is evaluated. If the expression istrue (if it returns a non-
zero value), program execution isinterrupted. The expression is evaluated in the
context of the program containing the breakpoint. For example:

BREAKPO NT, 'nyfile.pro', 6, CONDITION="i gt 2
If i isgreater than 2 at line 6 of myfi | e. pr o, the program is interrupted.

DISABLE

Set this keyword to disable the specified breakpoint, if it exists. The breakpoint can
be specified using the breakpoint index or file and line number:

Di sabl e breakpoint with an index of 3:
BREAKPO NT, /DI SABLE, 3

; Disabl e the breakpoint corresponding to the statenent in the file

; test.pro, |line nunber 8:
BREAKPO NT, /DI SABLE, 'test.pro',8
ENABLE

Set this keyword to enable the specified breakpoint if it exists. The breakpoint can be
specified using the breakpoint index or file and line number:

Enabl e breakpoint with an index of 3:
BREAKPO NT, /ENABLE, 3

Enabl e the breakpoint corresponding to the statenent in the file
; test.pro, |line nunber 8:
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BREAKPO NT, /ENABLE, 'test.pro',8
ON_RECOMPILE

Set this keyword to specify that the breakpoint will not take effect until the next time
the file containing it is compiled.

ONCE

Set this keyword to make the breakpoint temporary. If ONCE is set, the breakpoint is
cleared as soon asit is hit. For example:

BREAKPOI NT, /SET, 'file.pro', 12, AFTER=3, /ONCE

sets abreakpoint at line 12 of fi | e. pr o. Execution stopswhen line 12 is
encountered the third time, and the breakpoint is automatically cleared.

SET

Set this keyword to set a breakpoint at the designated sourcefileline. If this keyword
is set, the first input parameter, File must be a string expression that contains the
name of the source file. The second input parameter must be an integer that
represents the source line number.

For example, to set a breakpoint at line 23 in the sourcefile xyz. pr o, enter:
BREAKPOI NT, /SET, 'xyz.pro', 23

Version History

Introduced: Pre 4.0
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BROYDEN

The BROY DEN function solves a system of n nonlinear equations (wheren>2) inn
dimensions using a globally-convergent Broyden’'s method.

BROY DEN is based on the routine br oydn described in section 9.7 of Numerical
Recipesin C: The Art of Scientific Computing (Second Edition), published by
Cambridge University Press, and is used by permission.

Syntax

Result = BROY DEN( X, Vecfunc [, CHECK=variable] [, /DOUBLE] [, EPS=value]
[, ITMAX=valug] [, STEPMAX=valug] [, TOLF=valug] [, TOLMIN=value]
[, TOLX=valug] )

Return Value

This function returns an n-element vector containing the solution.

Arguments
X

An n-element vector (where n > 2) containing an initial guess at the solution of the
system.

Vecfunc

A scalar string specifying the name of a user-supplied IDL function that defines the

system of non-linear equations. This function must accept a vector argument X and
return a vector result.

For example, suppose we wish to solve the following system:
3x—-cos(yz)—1/2

x?—81(y +0.1)2+ sin(z) + 1.06| = ¢
ey + 207 + 10“3‘ 3

To represent this system, we define an IDL function named BROY FUNC:
FUNCTI ON br oyfunc, X
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RETURN, [3.0 * X[0] - COS(X[1]*X[2]) - 0.5, $

X[0]72 - 81.0%(X[1] + 0.1)"2 + SIN(X[2]) + 1.06,$

EXP(-X[0]*X[1]) + 20.0 * X[2] + (10.0*!Pl - 3.0)/3.0]
END

Keywords
CHECK

BROYDEN calsaninternal function named f i n() to determine whether the
routine has converged to alocal rather than a global minimum (see Numerical
Recipes, section 9.7). Use the CHECK keyword to specify a named variable which
will be set to 1 if the routine has converged to alocal minimum or to O if not. If the
routine does converge to alocal minimum, try restarting from a different initial guess
to obtain the global minimum.

DOUBLE
Set this keyword to force the computation to be done in double-precision arithmetic.
EPS

Set this keyword to a number close to machine accuracy, used to remove noise from
each iteration. The default is 107 for single precision, and 10"1* for double precision.

ITMAX

Use this keyword to specify the maximum alowed number of iterations. The default
is 200.

STEPMAX

Use this keyword to specify the scaled maximum step length allowed in line searches.
The default value is 100.0.

TOLF
Set the convergence criterion on the function values. The default valueis 1.0 x 1074,
TOLMIN

Set the criterion for deciding whether spurious convergence to a minimum of the
function f mi n() hasoccurred. The default value is 1.0 x 10°6.
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TOLX

Set the convergence criterion on X. The default valueis 1.0 x 107
Examples

We can use BROY DEN to solve the non-linear system of equations defined by the
BROY FUNC function above:

;Provide an initial guess as the algorithnis starting point:
X=1[-1.0, 1.0, 2.0]

; Comput e the sol ution:
result = BROYDEN( X, ' BROYFUNC )

;Print the result:
PRI NT, result

IDL prints:
0.500000 -1.10731e-07 -0.523599
The exact solution (to eight-decimal accuracy) is[0.5, 0.0, -0.52359877].

Version History
Introduced: 4.0
See Also

FX_ROQT, FZ_ROQOTS, NEWTON
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BYTARR

The BY TARR function creates a byte vector or array.
Syntax
Result = BY TARR( D[, ..., Dg] [, /INOZERQ] )
Return Value
This function returns a byte vector or array.
Arguments
D
Either an array or a series of scalar expressions specifying the dimensions of the
result. If asingle argument is specified, it can be either a scalar expression or an array
of up to eight elements. If multiple arguments are specified, they must al be scalar
expressions. Up to eight dimensions can be specified.

Keywords

NOZERO

Normally, BY TARR sets every element of the result to zero. If the NOZERO
keyword is set, this zeroing is not performed (array elements contain random values)
and BY TARR executes faster.

Examples

To create B asa 3 by 3 by 5 byte array where each element is set to zero, enter:
B = BYTARR(3, 3, 5)

Version History

Introduced: Original
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See Also

COMPLEXARR, DBLARR, FLTARR, INTARR, LON64ARR, LONARR,
MAKE_ARRAY, STRARR, UINTARR, ULONG64ARR, ULONARR
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BYTE

The BY TE function returns aresult equal to Expression converted to byte type. If
Expression is a string, each string is converted to a byte vector of the same length as
the string. Each element of the vector is the character code of the corresponding
character in the string. The BY TE function can also be used to extract data from
Expression and placeit in a byte scalar or array without modification, if more than
one parameter is present. See “ Type Conversion Functions’ on page 56 for details.

Syntax

Result = BY TE( Expression[, Offset [, D[, ..., Dgl]]] )
Return Value

This function returns the result of the Expression converted to byte type.
Arguments

Expression

The expression to be converted to type byte.
Offset

The byte offset from the beginning of Expression. Specifying this argument allows
fields of data extracted from Expression to be treated as byte data without conversion.

D
When extracting fields of data, the D; arguments specify the dimensions of the result.
If no dimension arguments are given, the result is taken to be scalar.

The D; arguments can be either an array or a series of scalar expressions. If asingle
argument is specified, it can be either a scalar expression or an array of up to eight
elements. If multiple arguments are specified, they must all be scalar expressions. Up
to eight dimensions can be specified.
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Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for agiven computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by !CPU for asingleinvocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.

Example

If the variable A contains the floating-point value 10.0, it can be converted to byte
type and saved in the variable B by entering:

B = BYTE(A)
Version History

Introduced: Origina
See Also

COMPLEX, DCOMPLEX, DOUBLE, FIX, FLOAT, LONG, LONG64, STRING,
UINT, ULONG, ULONG64
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BYTEORDER

The BY TEORDER procedure converts integers between host and network byte
ordering or floating-point values between the native format and XDR (IEEE) format.
This routine can also be used to swap the order of bytes within both short and long
integers. If the type of byte swapping is not specified via one of the keywords below,
bytes within short integers are swapped (even and odd bytes are interchanged).

The size of the parameter, in bytes, must be evenly divisible by two for short integer
swaps, and by four for long integer swaps. BY TEORDER operates on both scalars
and arrays. The parameter must be a variable, not an expression or constant, and may
not contain strings. The contents of Variable are overwritten by the result.

Network byte ordering is“big endian”. That is, multiple byte integers are stored in
memory beginning with the most significant byte.

Syntax

BYTEORDER, Variable, ..., Variable, [, [IDTOVAX] [, /IDTOXDR] [, /FTOVAX]
[, /IFTOXDR] [, /HTONL] [, /HTONS] [, /L64SWAP] [, /ILSWAP] [, /NTOHL]

[, INTOHS] [, /SSWAP] [, /SWAP_IF_BIG_ENDIAN]

[, /SWAP_IF_LITTLE_ENDIAN] [, /VAXTOD] [, VAXTOF] [, /XDRTOD]

[, /XDRTOD]

Arguments

Variable,

A named variable (not an expression or constant) that contains the datato be
converted. The contents of Variable are overwritten by the new values.

Keywords
DTOVAX

Set this keyword to convert native (IEEE) double-precision floating-point format to
VAX D float format. See“Note on Accessing Datain VAX Floating Point Format” on
page 186.
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DTOXDR

Set this keyword to convert native double-precision floating-point format to XDR
(IEEE) format.

FTOVAX

Set this keyword to convert native (IEEE) single-precision floating-point format to
VAX Ffloat format. See “Note on Accessing Datain VAX Floating Point Format” on
page 186.

FTOXDR

Set this keyword to convert native single-precision floating-point format to XDR
(IEEE) format.

HTONL

Set this keyword to perform host to network conversion, longwords.
HTONS

Set this keyword to perform host to network conversion, short integers.
L64SWAP

Set this keyword to perform a 64-bit swap (8 bytes). Swap the order of the bytes
within each 64-bit word. For example, the eight bytes within a 64-bit word are
ChanQEd from (Bo, Bl’ Bz, B3 B4, B5, B6, B7), to (B7, Be, Bs, B4’ B3, Bz, Bl’ Bo)

LSWAP

Set this keyword to perform a 32-bit longword swap. Swap the order of the bytes
within each longword. For example, the four bytes within alongword are changed
from (Bo, Bl’ Bz, Bg), to (Bg, Bz, Bl’ Bo)

NTOHL
Set this keyword to perform network to host conversion, longwords.

NTOHS

Set this keyword to perform network to host conversion, short integers.
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SSWAP

Set this keyword to perform a short word swap. Swap the bytes within short integers.
The even and odd numbered bytes are interchanged. This is the default action, if no
other keyword is set.

SWAP_IF_BIG_ENDIAN

If this keyword is set, the BY TEORDER request will only be performed if the
platform running IDL uses“big endian” byte ordering. On little endian machines, the
BY TEORDER request quietly returns without doing anything. Note that this
keyword does not refer to the byte ordering of the input data, but to the computer
hardware.

SWAP_IF_LITTLE_ENDIAN

If this keyword is set, the BY TEORDER request will only be performed if the
platform running IDL uses “little endian” byte ordering. On big endian machines, the
BYTEORDER request quietly returns without doing anything. Note that this
keyword does not refer to the byte ordering of the input data, but to the computer
hardware.

VAXTOD

Set this keyword to convert VAX D float format to native (IEEE) double-precision
floating-point format. See “Note on Accessing Datain VAX Floating Point Format”
on page 186.

VAXTOF

Set this keyword to convert VAX F float format to native (IEEE) single-precision
floating-point format. See “Note on Accessing Datain VAX Floating Point Format”
on page 186.

XDRTOD

Set this keyword to convert XDR (IEEE) format to native double-precision floating-
point.

XDRTOF

Set this keyword to convert XDR (IEEE) format to native single-precision floating-
point.
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Thread Pool Keywords

This routine is written to make use of IDL's thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the |CPU
system variable control whether IDL uses the thread pool for agiven computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL _NOTHREAD to override the defaults established
by !CPU for asingleinvocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.

Obsolete Keywords

The following keywords are obsol ete:
e DTOGFLOAT
+ GFLOATTOD
For information on obsolete keywords, See Appendix I, “Obsolete Features’.

Note on Accessing Data in VAX Floating Point
Format

When converting between VAX and | EEE formats, you should be aware of the
following basic numerical issuesin order to get the best results. Translation of
floating-point values from IDL's native | EEE format to the VAX format and back
(that is, VAX to IEEE to VAX) isnot acompletely reversible operation, and should be
avoided when possible. There are many cases where the recovered values will differ
from the original values, including:

«  TheVAX floating-point format lacks support for the | EEE special values (NaN
and Infinity). Hence, their special meaning is lost when they are converted to
VAX format and cannot be recovered.

« ThelEEE and VAX floating formats haveintrinsic differencesin precision and
range, which can cause information to be lost in both directions. When
converting from one format to ancther, IDL rounds the value to the nearest
representable value in the target format.

As apractical matter, an initial conversion of existing VAX format datato |EEE
cannot be avoided if the datais to be used on modern machines. However, each
format conversion can add a small amount of error to the resulting values, soitis
important to minimize the number of such conversions. RSI recommends using
IEEE/VAX conversions only to read existing VAX format data, and strongly
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recommends that all new files be created using the native |EEE format. This

introduces only a single unavoidable conversion, and minimizes the resulting
conversion efror.

Version History
Introduced: Pre 4.0
See Also

SWAP_ENDIAN
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BYTSCL

The BY TSCL function scales all values of Array that liein the range (Min < x < Max)
into the range (0 < x < Top). For floating-point input, each value is scaled using the
formula (Top + 0.9999)* x/(Max - Min). For integer input, each value is scaled using
the formula ((Top + 1)*x - 1)/(Max - Min).

Syntax
Result = BYTSCL( Array [, MAX=value] [, MIN=value] [, /NAN] [, TOP=value] )

Return Value

The returned result has the same structure as the original parameter and is of byte
type.

Arguments

Array

The array to be scaled and converted to bytes.
Keywords
MAX

Set this keyword to the maximum value of Array to be considered. If MAX is not
provided, Array is searched for its maximum value. All values greater or equal to
MAX are set equal to TOP in the result.

Note
The data type of the value specified for MAX should match the data type of the
input array. Since MAX is converted to the data type of the input array, specifying
mismatched data types may produce undesired results.

MIN

Set this keyword to the minimum value of Array to be considered. If MIN is not
provided, Array is searched for its minimum value. All values less than or equal to
MIN are set equal to O in the result.
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Note
The datatype of the value specified for MIN should match the datatype of theinput
array. Since MIN is converted to the data type of the input array, specifying
mismatched data types may produce undesired results.

NAN

Set this keyword to cause the routine to check for occurrences of the |EEE floating-
point value NaN in theinput data. Elements with the value NaN are treated as missing
data. (See“ Special Floating-Point Values’ on page 434 for more information on

| EEE floating-point values.)

TOP

Set this keyword to the maximum value of the scaled result. If TOP is not specified,
255 is used. Note that the minimum value of the scaled result is always 0.

Thread Pool Keywords

This routine is written to make use of IDL's thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for a given computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by CPU for asingleinvocation of this routine. See Appendix C, “ Thread Pool
Keywords’ for details.

Examples

BYTSCL is often used to scale images into the appropriate range for 8-bit displays.
As an example, enter the following commands:

; Create a sinple inmage array:
I M = DI ST(200)

; Display the array as an i nmge:
TV, IM

; Scale the image into the full range of bytes (0 to 255) and
; re-display it:
IM= BYTSCL(IM

; Display the new i mage:
TV, IM
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Version History
Introduced: Original
See Also

BYTE, TVSCL

BYTSCL

IDL Reference Guide



C_CORRELATE

191

The C_CORRELATE function computes the cross correlation Pxy(L) or cross
covariance Rxy(L) of two sample populations X and Y as afunction of thelag L

Py(L) =

IDL Reference Guide
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N-|L| -1

1 7 j—

N Z (Xk+|L|_X)(yk—Y) ForL <0
k=0

ny('—):

N-L-1

1 AV —

N (X =X)(Yg+—y) ForL >0

k=0

where x and y are the means of the sample populations x = (Xg, Xq, Xo, ... , Xy.1) and y
= (Yo Y1 Y2, - » YN-1), FESpectively.

Thisroutineiswritten in the IDL language. Its source code can be found in thefile
c_correl ate. prointheli b subdirectory of the IDL distribution.

Syntax
Result = C_CORRELATE( X, Y, Lag [, /COVARIANCE] [, /DOUBLE] )

Return Value

Returns the cross correlation Pxy(L) or cross covariance Rxy(L) of two sample
populations X and Y as afunction of thelag L.

Arguments

X

An n-element integer, single-, or double-precision floating-point vector.

Y

An n-element integer, single-, or double-precision floating-point vector.
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Lag

A scalar or n-element integer vector in the interval [-(n-2), (n-2)], specifying the
signed distances between indexed elements of X.

Keywords

COVARIANCE

Set this keyword to compute the sample cross covariance rather than the sample cross
correlation.

DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.

Examples

Define two n-el ement sanpl e popul ati ons:
X =1[3.73, 3.67, 3.77, 3.83, 4.67, 5.87, 6.70, 6.97, 6.40, 5.57]
Y =1[2.31, 2.76, 3.02, 3.13, 3.72, 3.88, 3.97, 4.39, 4.34, 3.95]

Conpute the cross correlation of X and Y for LAG= -5, 0, 1, 5,
6, 7:

lag = [-5, 0, 1, 5, 6, 7]

result = C CORRELATE(X, Y, |ag)

PRI NT, result

IDL prints:
-0.428246 0.914755 0.674547 -0.405140 -0.403100 -0.339685

Version History
Introduced: 4.0

See Also

A_CORRELATE, CORRELATE, M_CORRELATE, P_CORRELATE,
R_CORRELATE

IDL Reference Guide C_CORRELATE



194

CALDAT

The CALDAT procedure computes the month, day, year, hour, minute, or second
corresponding to agiven Julian date. The inverse of this procedure is JULDAY.

Note
The Julian calendar, established by Julius Caesar in the year 45 BCE, was corrected
by Pope Gregory XI1I in 1582, excising ten days from the calendar. The CALDAT
procedure reflects the adjustment for dates after October 4, 1582. See the example
below for anillustration.

Thisroutine iswritten in the IDL language. Its source code can be found in the file
cal dat . prointheli b subdirectory of the IDL distribution.

Syntax
CALDAT, Julian, Month [, Day [, Year [, Hour [, Minute [, Second]]]]]
Arguments

Julian

A numeric value or array that specifies the Julian Day Number (which begins at
noon) to be converted to a calendar date.

Note
Julian values must be in the range -1095 to 1827933925, which corresponds to
calendar dates 1 Jan 4716 B.C.E. and 31 Dec 5000000, respectively.

Note
Julian Day Numbers should be maintained as double-precision floating-point data
when the numbers are used to determine hours, minutes, and seconds.

Month

A named variable that, on output, contains alongword integer or longword integer
array representing the number of the desired month (1 = January, ..., 12 = December).
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Day

A named variable that, on output, contains alongword integer or longword integer
array representing the number of the day of the month (1-31).

Year

A named variable that, on output, contains alongword integer or longword integer
array representing the number of the desired year (e.g., 1994).

Hour

A named variable that, on output, contains alongword integer or longword integer
array representing the number of the hour of the day (0-23).

Minute

A named variable that, on output, contains alongword integer or longword integer
array representing the number of the minute of the hour (0-59).

Second

A named variable that, on output, contains a double-precision floating-point value or
a double-precision floating-point array representing the number of the second of the
minute (0-59).

Keywords
None.
Examples

In 1582, Pope Gregory XI11 adjusted the Julian calendar to correct for its inaccuracy
of dightly more than 11 minutes per year. As aresult, the day following October 4,
1582 was October 15, 1582. CALDAT follows this convention, as illustrated by the
following commands:

CALDAT, 2299160, Monthl, Dayl, Yearl

CALDAT, 2299161, Month2, Day2, Year?2

PRI NT, Monthl, Dayl, Yearl
PRI NT, Month2, Day2, Year2
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IDL prints:

10 4 1582
10 15 1582

Warning
You should be aware of this discrepancy between the original and revised Julian
calendar reckoningsif you calculate dates before October 15, 1582.

Be sure to distinguish between Month and Minute when assigning variable names.
For example, the following code would cause the Month value to be the same as the
Minute value:

; Find date corresponding to Julian day 2529161. 36:
CALDAT, 2529161.36, M D, Y, H M S
PRINT, M D, Y, H M S

IDL prints:
0 4 222 18 0  0.00000000

Moreover, Julian Day Numbers should be maintained as double-precision floating-
point data when the numbers are used to determine hours, minutes, and seconds.

So, instead of the previous call to CALDAT, use something like:

CALDAT, 2529161. 36D, Mnth, Day, Year, Hour, M nute, Second
PRI NT, Month, Day, Year, Hour, Mnute, Second

IDL prints:
7 4 20 20 38 23.999989
You can also use arrays for the Julian argument:

CALDAT, DI NDGEN(4) + 2449587.0D, m d, y
PRINT, m d, y

IDL prints:
8 8 8 8
22 23 24 25
1994 1994 1994 1994

Version History

Introduced: Pre 4.0

See Also

CALDAT

BIN_DATE, JULDAY, SYSTIME
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CALENDAR

The CALENDAR procedure displays a calendar for amonth or an entire year on the
current plotting device. ThisIDL routine imitatesthe UNIX cal command.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
cal endar. prointhel i b subdirectory of the IDL distribution.

Syntax
CALENDAR [[, Month] , Year]
Arguments

Month

The number of the month for which acalendar isdesired (1 is January, 2 is February,
..., 12 is December). If called without arguments, CALENDAR draws a calendar for
the current month.

Year

The number of the year for which a calendar should be drawn. If YEAR is provided
without MONTH, a calendar for the entire year isdrawn. If called without arguments,
CALENDAR draws a calendar for the current month.

Example

; Display a calendar for the year 2038.
CALENDAR, 2038

; Display the calendar for Cctober, 1582.
CALENDAR, 10, 1582

Version History
Introduced: Original
See Also

SYSTIME
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CALL_EXTERNAL

The CALL_EXTERNAL function callsafunction in an externa sharable object and
returns a scalar value. Parameters can be passed by reference (the default) or by
value. See Chapter 9, “CALL_EXTERNAL” in the External Development Guide
manual for examples.

CALL_EXTERNAL is supported under all operating systems supported by IDL,
although there are system specific detail s of which you must be aware. This function
requires no interface routines and is much simpler and easier to use than the
LINKIMAGE procedure. However, CALL_EXTERNAL performs no checking of
the type and number of parameters. Programming errors are likely to cause IDL to
crash or to corrupt your data.

Warning
Input and output actions should be performed within IDL code, using IDL’s built-in
input/output facilities, or by using theinternal IDL_Message() function. Performing
input or output from external code, especialy to the user console or tty (e.g. using
printf () orequivalent functionality in other languages to send text to stdout) may
create errors or generate unexpected results.

CALL_EXTERNAL supportsthe IDL Portable Convention, a portable calling
convention that works on all platforms. This convention passes two arguments to the
called routine, an argument count (ar gc) and an array of arguments (ar gv).

CALL_EXTERNAL aso offers afeature called Auto Glue that can greatly simplify
use of the CALL_EXTERNAL portable convention if you have the appropriate C
compiler installed on your system. Auto glue automatically writes the glue function
required to convert the (argc, argv) arguments to the actual function call, and then
compiles and loads the glue function transparently. If you want IDL to simply write
the glue function for you, but not compile it, the WRITE WRAPPER keyword can
be used.

Theresult of the CALL_EXTERNAL function is a scalar value returned by the
external function. By default, thisisascalar long (32-bit) integer. This default can be
changed by specifying one of the keywords described below that alter the result type.

Syntax

Result = CALL_EXTERNAL (Image, Entry[, P, ..., Py.q] [, /ALL_VALUE]
[,/B_VALUE|,/D_VALUE|,/F_VALUE|,/I VALUE],/L64 VALUE |
,/S VALUE |, /Ul_VALUE|,/UL_VALUE [, /UL64 VALUE] [, /CDECL]
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[, RETURN_TYPE=value] [, /UNLOAD] [, VALUE=byte array]
[, WRITE_WRAPPER=wrapper_file] )

Auto Glue keywords: [, /AUTO_GLUE] [, CC=string]

[, COMPILE_DIRECTORY =string] [, EXTRA_CFLAGS=string]

[, EXTRA_LFLAGS=string] [, /IGNORE_EXISTING_GLUE] [, LD=string]
[, /INOCLEANUR] [, /SHOW_ALL_OUTPUT] [, /VERBOSE]

Return Value

Thisfunction callsafunction in an external sharable object and returns a scalar value.
Arguments

Image

The name of the file, which must be a sharable library (UNIX), or DLL (Windows),
which contains the routine to be called.

Entry

A string containing the name of the symbol in the library which isthe entry point of
the routine to be called.

Po, . PN-l

The parameters to be passed to the external routine. All array and structure arguments
are passed by reference (address). The default isto also pass scalars by reference, but
the ALL_VALUE or VALUE keywords can be used to pass them by value. Care must
be taken to ensure that the type, structure, and passing mechanism of the parameters
passed to the external routine match what it expects. There are some restrictions on
data types that can be passed by value, and the user needs to be aware of how IDL
passes strings. Both issues discussed in further detail below.

Keywords

ALL_VALUE

Set this keyword to indicate that all parameters are passed by value. There are some
restrictions on data types that should be considered when using this keyword, as
discussed below.
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B_VALUE
If set, this keyword indicates that the called function returns a byte value.
CDECL

The Microsoft Windows operating system has two distinct system defined standards
that govern how routines pass arguments: st dcal | , which isused by much of the
operating system as well as languages such as Visual Basic, and cdecl , whichis
used widely for programming in the C language. These standards differ in how and
when arguments are pushed and removed from the system stack. The standard used
by a given function is determined when the function is compiled, and can usually be
controlled by the programmer. If you call afunction using the wrong standard (e.g.
calingastdcal | function asif it werecdecl , or the reverse), you could get
incorrect results, corrupted memory, or you could crash IDL. Unfortunately, thereis
no way for IDL to know which convention a given function uses; this information
must be supplied by the user of CALL_EXTERNAL. If the CDECL keyword is
present, IDL will usethecdecl conventionto call the function. Otherwise, st dcal |
is used.

D_VALUE

If set, this keyword indicates that the called function returns a double-precision
floating value.

F_VALUE

If set, this keyword indicates that the called function returns a single-precision
floating value.

| VALUE

If set, this keyword indicates that the called function returns an integer value.
L64 VALUE

If set, this keyword indicates that the called function returns a 64-bit integer value.
RETURN_TYPE

The type code to set the type of the result. See the description of the SIZE function
for alist of the IDL type codes.
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S_VALUE

If set, this keyword indicates that the called function returns a pointer to a
null-terminated string.

UI_VALUE

If set, this keyword indicates that the called function returns an unsigned integer
value.

UL_VALUE

If set, this keyword indicates that the called function returns an unsigned long integer
value.

UL64_VALUE

If set, this keyword indicates that the called function returns an unsigned 64-bit
integer value.

UNLOAD

Normally, IDL keeps Image loaded in memory after the call to CALL_EXTERNAL
completes. Thisis done for efficiency—Iloading a sharable object can be a slow
operation. Setting the UNLOAD keyword will cause IDL to unload Image after the
call toitiscomplete. Thisisuseful if you are debugging code in Image, asit allows
you to iterate on your code without having to exit IDL between tests. It can aso bea
good ideaif you do not intend to make any subsequent calls to routines within Image.

If IDL isunable to unload the sharable object, it will issue an error to that effect. In
addition to any operating system reported problem that might occur, there are 2
situations in which IDL cannot perform the UNLOAD operation:

e |f the sharable library has been used for any other purpose in addition to
CALL_EXTERNAL (e.g. LINKIMAGE).

VALUE

A byte array, with as many elements as there are optional parameters, indicating the
method of parameter passing. Arrays are always passed by reference. If parameter P,
isascaar, it is passed by reference if VALUE]i] is0; and by valueif it is non-zero.
There are some restrictions on data types that should be considered when using this
keyword, as discussed below.
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WRITE_WRAPPER

If set, WRITE_ WRAPPER supplies the name of afilefor CALL_EXTERNAL to
create containing the C function required to convert the (ar gc, ar gv) interface used
by the CALL_EXTERNAL portable calling convention to the interface of the target
function. If WRITE_WRAPPER is specified, CALL_EXTERNAL writesthe
specified file, but does not attempt to actually call the function specified by Entry.
Theresult from CALL_EXTERNAL isaninteger O in this case, and has no special
meaning. Use of WRITE_WRAPPER implies the PORTABLE keyword.

Note
Thisissimilar to Auto Glue only inthat CALL_EXTERNAL writes afunction on

your behalf. Unlike Auto Glue, WRITE_WRAPPER does not attempt to compile
the resulting function or to use it. You might want to use WRITE_WRAPPER to
generate IDL interfacesfor an external library in cases where you intend to combine
the interfaces with other code or otherwise modify it before using it with IDL.

Auto Glue Keywords

Auto Glue, discussed in the section “Auto Glue” on page 205, offers a simplified way
to usethe CALL_EXTERNAL portable calling convention. The following keywords
control its use. Many of these keywords correspond to the same keywords to the
MAKE_DLL procedure, and are covered in more detail in the documentation for that
routine.

AUTO_GLUE

Set this keyword to enable the CALL_EXTERNAL Auto Glue feature.

CC

If present, atemplate string to be used in generating the C compiler command(s) to
compile the automatically generated glue function. For a more compl ete description
of this keyword, see MAKE_DLL.

COMPILE_DIRECTORY

Specifies the directory to use for creating the necessary intermediate files and the
final glue function sharable library. For amore complete description of this keyword,
see MAKE_DLL.
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EXTRA_CFLAGS

If present, a string supplying extra options to the command used to execute the C
compiler. For amore complete description of this keyword, see MAKE _DLL.

EXTRA_LFLAGS

If present, a string supplying extra options to the command used to execute the linker.
For a more compl ete description of this keyword, see MAKE_DLL.

IGNORE_EXISTING_GLUE

Normally, if Auto Glue finds a pre-existing glue function, it will use it without
attempting to build it again. Set IGNORE_EXISTING_GLUE to override this
caching behavior and force CALL_EXTERNAL to rebuild the glue function sharable
library.

LD

If present, atemplate string to be used in generating the linker command to build the
glue function sharable library. For a more compl ete description of this keyword, see
MAKE_DLL.

NOCLEANUP

If set, CALL_EXTERNAL will not remove intermediate files generated in order to
build the glue function sharable library after the library has been built. This keyword
can be used to preserve information for debugging in case of error, or for additional
information on how Auto Glue works. For a more complete description of this
keyword, see MAKE_DLL.

SHOW_ALL_OUTPUT

Auto Glue normally produces no output unless an error prevents successful building
of the glue function sharable library. Set SHOW_ALL_OUTPUT to see all output
produced by the process of building the library. For a more complete description of
this keyword, see MAKE_DLL.

VERBOSE

If set, VERBOSE causes CALL_EXTERNAL to issue informational messages as it
carries out the task of locating, building, and executing the glue function. For amore
complete description of this keyword, see MAKE _DLL.
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Obsolete Keywords

The following keywords are obsol ete:

DEFAULT
PORTABLE
VAX_FLOAT

For information on obsol ete keywords, See Appendix |, “Obsol ete Features’.

String Parameters

IDL represents strings internally as IDL_STRING descriptors, which are defined in
the C language as:

typedef struct {

unsi gned short slen;
unsi gned short stype;
char *s;

} IDL_STRING

To pass a string by reference, IDL passes the address of its IDL_STRING descriptor.
To pass a string by value the string pointer (the s field of the descriptor) is passed.
Programmers should be aware of the following when manipulating IDL strings:

Called code should treat the information in the passed IDL_STRING
descriptor and the string itself as read-only, and should not modify these
values.

Thessl en field contains the length of the string without including the NULL
termination that is required at the end of all C strings.

The st ype field isused internally by IDL to know keep track of how the
memory for the string was obtained, and should be ignored by
CALL_EXTERNAL users.

s isthe pointer to the actual C string represented by the descriptor. If the string
isNULL, IDL representsit asaNULL (0) pointer, not as apointer to an empty
null terminated string. Hence, called code that expects a string pointer should
check for aNULL pointer before dereferencing it.

These issues are examined in greater detail in the IDL External Development Guide.

CALL_EXTERNAL
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Calling Convention

CALL_EXTERNAL usesthe IDL Portable convention for calling user-supplied
routines. The IDL Portable calling convention can be simplified by using the Auto
Glue extension, described below.

The portable interface convention passes al arguments as elements of an array of C
void pointers (void *). The C language prototype for a user function called this way
looks like one of the following:

RET_TYPE xxx(int argc, void *argv[])

Where RET_TY PE is one of the following: UCHAR, short, | DL_UI NT, | DL_LONG,
| DL_ULONG, | DL_LONG54, | DL_ULONGB4, f | oat , doubl e, or char *. Thereturn
type used must agree with the type assumed by CALL_EXTERNAL as specified via
the keywords described above.

Ar gc isthe number of arguments, and the vector ar gv contains the arguments
themselves, one argument per element. Arguments passed by reference map directly
tothese (voi d *) pointers, and can be cast to the proper type and then dereferenced
directly by the called function. Passing arguments by value is allowed, but since the
valuesare passedin (voi d *) pointers, there are some limitations and restrictions on
what is possible;

* Typesthat are larger than a pointer cannot be passed by value, and
CALL_EXTERNAL will issue an error if thisis attempted. This limitation
applies only to the standard portable calling convention. Auto Glue does not
have this limitation, and is able to pass such variables by value.

* Integer values can be easily passed by value. IDL widens any of the integer
typesto the Cint type and they are then converted to a (void *) pointer using a
C cast operation.

« Thereisno C language-defined conversion between pointers and floating point
types, so IDL copies the datafor the value directly into the pointer element.
Although such values can be retrieved by the called routine with the correct C
casting operations, thisisinconvenient and error prone. It is best to pass non-
integer data by reference.

Auto Glue

Auto Glueisan extension to the IDL Portable Calling Convention that makesit easier
to use.
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The portable calling convention requires your function to use the IDL defined (ar gc,
ar gv) interface for passing arguments. However, functions not explicitly written for
use with CALL_EXTERNAL may not have thisinterface. A common solution using
the portable convention is for the IDL user to write a glue function that serves as an
interface between IDL and the called function. The entire purpose of this glue
function, which is usualy very simple, isto convert the IDL (argc, argv) method of
passing parameters to aform acceptable to the called function. Writing this wrapper
function is easy for programmers who understand the C language, the system C
compiler and linker, and how sharable librarieswork on their target operating system.
However, it is also tedious and error prone, and can be difficult for users that do not
already have these skills.

Auto Glue usesthe MAKE_DLL procedure to automate the process of using glue
codeto call functionsviathe CALL_EXTERNAL portable calling convention. Since
it depends so closely on MAKE _DLL, an understanding of how MAKE_DLL works
is necessary to fully understand Auto Glue. Aswith MAKE_DLL, Auto Glue
requires that your system have a suitable C compiler installed. Please refer to the
documentation for MAKE_DLL.

Auto Glue maintains a cache of previoudly built glue functions, and will reuse them
on subsequent requests, even between IDL sessions. Glue function libraries can be
recognized by their name, which starts with the prefix i dl _ce, and ends with the
proper suffix for a sharable library on the target system (most UNIX: . so, AlX: . a,
HP-UX: . sl , Windows:. . dl | ). CALL_EXTERNAL finds a suitable glue function
by performing the following stepsin order, stopping after the first one that works:

1. Look for ace_gl ue subdirectory within the IDL distribution bi n
subdirectory for the current platform. (For example, on a Windows system the
subdirectory would be located in <I DL_DEFAULT>\ bi n\ bi n. x86.) If this
directory exists, it looks there for a sharable library containing the appropriate
glue function.

Note
For customer security reasons, the ce_gl ue subdirectory does not exist in the IDL
distribution as shipped by RSI, and IDL does not use it to create glue functions.
However, if an individual site creates this directory and places glue library files
withinit, IDL will use them. Multiple IDL sessions on a given system can al share
these same glue files, even when run by different users on a multi-user system. If
you keep your IDL distribution on a network based file server shared by multiple
clients, and if you provide a sufficient selection of gluefiles, it is possible that your
users will not require alocally installed C compiler to use Auto Glue.
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If you do create the ce_gl ue subdirectory on a multi-user system, we
recommend that you make it along with al files contained within belong to the
owner of the IDL distribution, and apply file protections that prevent non-
privileged users from creating filesin the directory or modifying them.

2. Look in the directory given by the COMPILE_DIRECTORY keyword, or if
COMPILE_DIRECTORY isnot present, in the directory given by the
IMAKE_DLL.COMPILE_DIRECTORY system variable for the appropriate
glue function.

3. If thisstep isreached, thereis no pre-existing glue function available.
CALL_EXTERNAL will create one in the same directory searched in the
previous step by generating a C language file containing the needed glue
function, and then compiling and linking it into a sharable library using the
functionality of the MAKE_DLL procedure.

e |DL loadsthe sharable library containing the glue function found in the
previous step, aswell asthe library you specified with the Image argument.

¢ CALL_EXTERNAL callsthe gluefunction, causing your function to be called
with the correct parameters.

Thefirst time CALL_EXTERNAL encounters the need for a glue function that does
not already exist, it will automatically build it, and then use it without any external
indication that this has happened. You may notice a brief hesitationin IDL’s
execution as it waits for this process to occur. Once a glue function exists, IDL can
load it immediately on subsequent calls (even in unrelated later IDL sessions), and no
delay will occur.

Example: Using Auto Glue To Call System Library Routines
Under Sun Solaris, thereis afunction in the system math library called hypot() that
computes the length of the hypotenuse of aright-angled triangle:

sqrt(x*x + y*y)
This function has the C prototype:
doubl e hypot (doubl e x, doubl e y)
Thefollowing IDL function uses Auto Glue to call thisroutine:

FUNCTI ON HYPOT, X, Y
Use the 32-bit or the 64-bit math library?
LI BM=(! VERSI ON. MEMORY_BI TS EQ 64) $
? "Jusr/libl/sparcv9/libmso’ : '/usr/lib/libmso’
RETURN, CALL_EXTERNAL(LIBM 'hypot’, double(x), double(y), $
/ ALL_VALUE, /D _VALUE, /AUTO GLUE)
END
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Important Changes Since IDL 5.0

The current version of CALL_EXTERNAL differsfrom IDL versions up to and
including IDL 5.0 in afew ways that are important to users moving code to the
current version:

Exampl

Under Windows, CALL_EXTERNAL would pass IDL strings by value no
matter how the ALL_VALUE or VALUE keywords were set. This was
inconsistent with all the other platforms and created unnecessary confusion.
IDL now uses these keywords to decide how to pass strings on all platforms.
Windows users with existing code that expects strings to be passed by value
without having specified it via one of these keywords will need to adjust their
use of CALL_EXTERNAL or their code.

Older versions of IDL would quietly pass by value arguments that are larger
than a pointer without issuing an error when using the portable calling
convention. Although this might work on some hardware, it is error prone and
can cause IDL to crash. IDL now issues an error in this case. Programmers
with existing code moving to a current version of IDL should change their
code to pass such data by reference.

es

See Chapter 9, “CALL_EXTERNAL” in the External Development Guide manual.

Version

Introd

History

uced: Pre4.0

See Also

LINK

CALL_EXTERNAL

IMAGE
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CALL_FUNCTION

CALL_FUNCTION function callsthe IDL function specified by the string Name,
passing any additional parameters as its arguments.

Although not as flexible as the EXECUTE function, CALL_FUNCTION is much
faster. Therefore, CALL_FUNCTION should be used in preference to EXECUTE

whenever possible.

Syntax

Result = CALL_FUNCTION(Name[, Py, ..., P])

Return Value

The result of the called function (specified by the string Name) is passed back as the
result of this routine.

Arguments

Name

A string containing the name of the function to be called. This argument can be a
variable, which alows the called function to be determined at runtime.

P

The arguments to be passed to the function given by Name. These arguments are the
positional and keyword arguments documented for the called function, and are passed
to the called function exactly asif it had been called directly.

Keywords
None.

Examples

The following command indirectly callsthe IDL function SQRT (the square root
function) with an argument of 4 and stores the result in the variable R:

R = CALL_FUNCTI ON(' SQRT', 4)
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Version History
Introduced: Pre4.0
See Also

CALL_PROCEDURE, CALL_METHOD, EXECUTE
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CALL_METHOD

The CALL_METHOD function or procedure calls the object method specified by
Name, passing any additional parameters as its arguments.

Note
CALL_METHOD can also be used as a function or a procedure.

Although not as flexible as the EXECUTE function, CALL_METHOD is much
faster. Therefore, CALL_METHOD should be used in preference to EXECUTE
whenever possible.

Syntax

Result = CALL_METHOD(Name, ObjRef, [, Py, .., P])

or
CALL_METHOD, Name, ObjRef, [, Py, ..., P,

Return Value

Returns the results generated by the named function method when applicable.
Arguments

Name

A string containing the name of the method to be called. This argument can be a
variable, which alows the called method to be determined at runtime.

ObjRef
A scalar object reference that will be passed to the method as the Self argument.
P;

The arguments to be passed to the method given by Name. These arguments are the
positional and keyword arguments documented for the called method, and are passed
to the called method exactly asif it had been called directly.
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Keywords
None.
Version History
Introduced: 5.1
See Also

CALL_FUNCTION, CALL_PROCEDURE, EXECUTE
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CALL_PROCEDURE

CALL_PROCEDURE calls the procedure specified by Name, passing any additional
parameters as its arguments.

Although not as flexible as the EXECUTE function, CALL_PROCEDURE is much
faster. Therefore, CALL_PROCEDURE should be used in preference to EXECUTE

whenever possible.

Syntax

CALL_PROCEDURE, Name[, Py, ..., P,]
Arguments

Name

A string containing the name of the procedure do be called. This argument can be a
variable, which allows the called procedure to be determined at runtime.

P

The arguments to be passed to the procedure given by Name. These arguments are the
positional and keyword arguments documented for the called procedure, and are
passed to the called procedure exactly asif it had been called directly.

Example

The following example shows how to call the PLOT procedure indirectly with a
number of arguments. First, create a dataset for plotting by entering:

B = FI NDGEN( 100)
Call PLOT indirectly to create a polar plot by entering:

CALL_PROCEDURE, 'PLOT', B, B, /POLAR

A “spiral” plot should appear.
Version History

Introduced: Pre 4.0
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See Also

CALL_FUNCTION, CALL_METHOD, EXECUTE
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CASE

The CASE statement selects one, and only one, statement for execution, depending
on the value of an expression. This expression is called the case selector expression.
Each statement that is part of a CASE statement is preceded by an expression that is
compared to the value of the selector expression. CASE executes by comparing the
CASE expression with each selector expression in the order written. If amatch is
found, the statement is executed and control resumes directly below the CASE
Statement.

The EL SE clause of the CASE statement is optional. If included, it matches any
selector expression, causing its code to be executed. For this reason, it is usually
written as the last clause in the CASE statement. The EL SE statement is executed
only if none of the preceding statement expressions match. If an EL SE clause is not
included and none of the values match the selector, an error occurs and program
execution stops.

The BREAK statement can be used within CASE statements to force an immediate
exit from the CASE.

In this CASE statement, only one clause is selected, and that clause isthefirst one

whose value is equal to the value of the case selector expression.

Tip
Each clause istested in order, so it ismost efficient to order the most frequently
selected clauses first.

CASE issimilar to the SWITCH statement. For more information on using CASE
and other IDL program control statements, as well as the differences between CASE
and SWITCH, see Chapter 12, “Program Control” in the Building IDL Applications

manual.
Syntax
CASE expression OF

expression: statement
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expression: statement
[ ELSE: statement |

ENDCASE

Examples
Thisexampleillustrates how the CA SE statement, unlike SWITCH, executes only the
one statement that matches the case expression:
X=2

CASE x OF
1: PRINT, 'one'
2: PRINT, 'two'
3: PRINT, 'three'
4: PRINT, 'four'
ENDCASE

IDL Prints:

t wo

Version History

Introduced: Original
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CATCH

The CATCH procedure provides a generalized mechanism for the handling of
exceptions and errorswithin IDL. Calling CATCH establishes an error handler for the
current procedure that intercepts all errors that can be handled by IDL, excluding
non-fatal warnings such as math errors.

When an error occurs, each active procedure, beginning with the offending procedure
and proceeding up the call stack to the main program level, is examined for an error
handler. If an error handler isfound, control resumes at the statement after the call to
CATCH. Theindex of the error isreturned in the argument to CATCH. The
IERROR_STATE system variableis aso set. If no error handlers are found, program
execution stops, an error message isissued, and control revertsto the interactive
mode. A call to ON_IOERROR in the procedure that causes an I/O error supersedes
CATCH, and takes the branch to the |abel defined by ON_IOERROR.

This mechanism is similar, but not identical to, theset j np/ | ongj np facilitiesin C
and thecat ch/ t hr owfacilitiesin C++.

Error handling is discussed in more detail in Chapter 18, “Controlling Errors’ in the
Building IDL Applications manual.

Syntax
CATCH, [Variable] [, /CANCEL]
Arguments

Variable

A named variable in which the error index is returned. When an error handler is
established by acall to CATCH, Variableis set to zero. If an error occurs, Variableis
set to the error index, and control istransferred to the statement after the call to
CATCH. The error index is also returned in the CODE field of the 'ERROR_STATE
system variable, i.e., '"ERROR_STATE.CODE.
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Keywords

CANCEL

Set this keyword to cancel the error handler for the current procedure. This
cancellation does not affect other error handlers that may be established in other
active procedures.

Note
If the CANCEL keyword is set, the Variable argument must not be present.

Examples

CATCH

The following procedure illustrates the use of CATCH:
PRO CATCH_EXAMPLE

; Define variable A
A = FLTARR(10)

; Establish error handler. When errors occur, the index of the
; error is returned in the variable Error_status:
CATCH, Error_status

; This statenent begins the error handler:
IF Error_status NE O THEN BEG N
PRI NT, "Error index: ', Error_status
PRI NT, 'Error nessage: ', ! ERROR _STATE. M5G
Handl e the error by extending A
A=FLTARR(12)
CATCH, / CANCEL
ENDI F

;. Cause an error:
Al 11] =12

; Even though an error occurs in the |line above, program
; execution continues to this point because the event handl er
extended the definition of A so that the statenent can be
. re-executed.
HELP, A
END
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Running the ABC procedure causes DL to produce the following output and control
returns to the interactive prompt:

Error index: -144

Error nessage:

Attenpt to subscript Awith <INT ( 11)> is out of range.
A FLOAT = Array[12]

Version History
Introduced: Pre4.0
See Also

IERROR_STATE, ON_ERROR, ON_IOERROR, Chapter 18, “Controlling Errors’
in the Building IDL Applications manual.
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CD

The CD procedure is used to set and/or change the current working directory. This
routine changes the working directory for the IDL session and any child processes
started from IDL during that session after the directory change is made. Under UNIX,
CD does not affect the working directory of the process that started IDL. The
PUSHD, POPD, and PRINTD procedures provide a convenient interface to CD.

Syntax
CD [, Directory] [, CURRENT=variable]
Arguments

Directory

A scalar string specifying the path of the new working directory. If Directory is
specified as anull string, the working directory is changed to the user’s home
directory (UNIX) or to the directory specified by !DIR (Windows). If thisargument is
not specified, the working directory is not changed.

Keywords
CURRENT

If CURRENT is present, it specifies a named variable into which the current working
directory is stored as a scalar string. The returned directory is the working directory
before the directory is changed. Thus, you can obtain the current working directory
and change it in a single statement:

CD, new dir, CURRENT=old dir

Note

The return value of the CURRENT keyword does not include a directory separator
at the end of the string.

Examples

Windows

To change drives:
cb 'C'
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To specify afull path:
CD, ' C \MData\January'

To change from the C: \ MyDat a directory to the C: \ MyDat a\ January directory:
CD, 'January'

To go back up adirectory, use“..”. For example, if the current directory is
C: \ MyDat a\ January, you could go up to the C: \ MyDat a directory with the
following command:

co,

If the current directory is C: \ MyDat a\ Januar y, you could change to the
C:\ MyDat a\ Febr uar y directory with the following command:

CD, '..\February’

Unix

To specify afull path:
CD, '/home/datal'

To change to thej anuar y subdirectory of the current directory:
CD, 'january'

To go back up adirectory, use“..”. For example, if the current directory is
/ hone/ dat a/ j anuary, you could go up to the/ hone/ dat a/ directory with the
following command:

co,

If the current directory is/ hone/ dat a/ j anuar y, you could change to the
/ hone/ dat a/ f ebr uar y directory with the following command:

CD, '../february'
Version History
Introduced: Pre 4.0
See Also

PUSHD, POPD
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CDF Routines

For information, see Chapter 2, “Common Data Format” in the IDL Scientific Data
Formats manual.
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CEIL

The CEIL function returns the closest integer greater than or equal to its argument.
Syntax
Result = CEIL(X [, /L64] )

Return Value

If the input value X isinteger type, Result has the same value and type as X.
Otherwise, Result is a 32-bit longword integer with the same structure as X.

Arguments
X

The value for which the ceiling function isto be evaluated. This value can be any
numeric type (integer, floating, or complex).

Keywords

L64

If set, the result type is 64-bit integer regardless of the input type. Thisis useful for
situations in which a floating point number contains a value too large to be
represented in a 32-bit integer.

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the |CPU
system variable control whether IDL uses the thread pool for agiven computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by !CPU for asingleinvocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.
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Examples

To print the ceiling function of 5.1, enter:

PRI NT, CEIL(5.1)
IDL prints:
6

To print the ceiling function of 3000000000.1, the result of which istoo large to
represent in a 32-bit integer:

PRI NT, CEI L(3000000000. 1D, /L64)
IDL prints:
3000000001

Version History
Introduced: Pre 4.0
See Also

COMPLEXROUND, FLOOR, ROUND
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CHEBYSHEV

The CHEBY SHEV function returns the forward or reverse Chebyshev polynomial
expansion of a set of data. Note: Results from this function are subject to roundoff
error given discontinuous data.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
chebyshev. prointhel i b subdirectory of the IDL distribution.

Syntax

Result = CHEBY SHEV(D, N)
Return Value

Returns the forward or reverse Chebyshev polynomial expansion of a set of data.
Arguments

D
A vector containing the values at the zeros of Chebyshev polynomial.
N

A flag that, if set to -1, returns a set of Chebyshev polynomials. If set to +1, the
origina datais returned.

Keywords
None.
Version History
Introduced: Original
See Also

FFT, WTN
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CHECK_MATH

The CHECK_MATH function returns and clears the accumulated math error status.
Syntax

Result = CHECK_MATH( [, MASK=hitmask] [, /NOCLEAR] [, /PRINT] )
Return Value

The returned value is the sum of the bit values (described in the following table) of
the accumulated errors. Note that not all machines detect al errors.

Value Condition
0 No errors detected since the last interactive prompt or call to
CHECK_MATH
1 Integer divided by zero
2 Integer overflow

16 Floating-point divided by zero

32 Floating-point underflow

64 Floating-point overflow

128 Floating-point operand error. An illegal operand was
encountered, such as a hegative operand to the SQRT or
ALOG functions, or an attempt to convert to integer a
number whose absolute value is greater than 2311

Table 4: Math Error Status Values

Note that each type of error isonly represented once in the return value—any number
of “Integer divided by zero” errorswill result in areturn value of 1.

The math error statusis cleared (reset to zero) when CHECK_MATH is called, or
when errors are reported. Math errors are reported either never, when the interpreter
returns to an interactive prompt, or after execution of each IDL statement, depending
on the value of the |EXCEPT system variable (see “!EXCEPT” on page 3899). See
“Examples’ below for further discussion.
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Keywords

MASK

If present, the mask of exceptions to check. Otherwise, all exceptions are checked.
Exceptions that are pending but not specified by MASK are not reported, and not
cleared. Set this keyword equal to the sum of the bit values for each exception to be
checked. For alist of the bit values corresponding to various exceptions, see
CHECK_MATH.

NOCLEAR

By default, CHECK _MATH returns the pending exceptions (as specified viathe
MASK keyword) and clears them fromitslist of pending exceptions. If NOCLEAR
is set, the exceptions are not cleared and remain pending.

PRINT

Set this keyword to print an error message to the IDL command log if any
accumulated math errors exist. If this keyword is not present, CHECK_MATH
executes silently.

Examples

To simply check and clear the accumul ated math error status using al the defaults,
enter:

PRI NT, CHECK_MATH()
IDL prints the accumulated math error status code and resets to zero.

CHECK_MATH and 'EXCEPT

Because the accumul ated math error statusis cleared when it is reported, the behavior
and appropriate use of CHECK_MATH depends on the value of the system variable
IEXCEPT.

o If IEXCEPT isset equal to O, math exceptions are not reported automatically,
and thus CHECK _MATH will always return the error status accumul ated since
the last time it was called.

o If IEXCEPT is set equal to 1, math exceptions are reported when IDL returns
to the interactive command prompt. In this case, CHECK_MATH will return
appropriate error codes when used within an IDL procedure, but will always
return zero when called at the IDL prompt.
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o If IEXCEPT isset equal to 2, math exceptions are reported after each IDL
statement. In this case, CHECK_MATH will return appropriate error codes
only when used within an IDL statement, and will always return zero
otherwise.

For example:
:Set val ue of ! EXCEPT to zero.
I EXCEPT=0
;Both of these operations cause errors.
PRINT, 1./0., 1/0
IDL prints:
I nf 1

The special floating-point value Inf is returned for 1./0. Thereis no integer analogue
to the floating-point Inf.

; Check the accunul ated error status.
PRI NT, CHECK_MATH()

IDL prints:
17
CHECK_MATH reports floating-point and integer divide-by-zero errors.
; Set val ue of ! EXCEPT to one.
I EXCEPT=1
;Both of these operations cause errors.
PRINT, 1./0., 1/0
IDL prints:

I nf 1
% Program caused arithnmetic error: Integer divide by 0
% Program caused arithnmetic error: Floating divide by 0

Thistime IDL aso prints error messages.

; Check the accunul ated error status.
PRI NT, CHECK_MATH()

IDL prints:
0
The status was reset.
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However, if we do not allow IDL to return to an interactive prompt before checking
the math error status:

; Set val ue of ! EXCEPT to one.
I EXCEPT=1

;Call to CHECK_MATH happens before returning to the
;1 DL conmmand pronpt.
PRINT, 1./0., 1/0 & PRI NT, CHECK MATH()

IDL prints:

I nf 1
17

In this case, the math error status code (17) is printed, but because the error status has
been cleared by the call to CHECK_MATH, no error messages are printed when IDL
returns to the interactive command prompt. Finally,

;Set val ue of ! EXCEPT to two.
| EXCEPT=2

;Call to CHECK_MATH happens before returning to the
;1 DL command pronpt.
PRINT, 1./0., 1/0 & PRI NT, CHECK MATH()

IDL prints:

I nf 1
% Program caused arithmetic error: Integer divide by O
% Program caused arithnetic error: Floating divide by 0
% Detected at $MAIN$

0

Errors are printed before executing the CHECK _MATH function, so
CHECK_MATH reports no errors. However, if we include the call to
CHECK_MATH in thefirst PRINT command, we see the following:

;Call to CHECK MATH is part of a single IDL statenent.
PRINT, 1./0., 1/0, CHECK_MATH()

IDL prints:
I nf 1 17
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Printing Error Messages

The following code fragment prints abbreviated names of errors that have occurred:

;Create a string array of error names.
ERRS = ['Divide by 0', 'Underflow, 'Overflow, $
"Il egal Operand']

;CGet math error status.
J = CHECK_MATH()
FOR | =4, 7 DOIF ISHFT(J, -1) AND 1 THEN $

;Check to see if an error occurred and print the correspondi ng
;error nessage.
PRI NT, ERRS(I1-4), ' Cccurred

Testing Critical Code

Example 1

Assume you have a critical section of code that is likely to produce an error. The
following example shows how to check for errors, and if one is detected, how to
repeat the code with different parameters.

Clear error status from previ ous operations, and print error
; messages if an error exists:
JUNK = CHECK_MATH(/ PRI NT)

; Disable automatic printing of subsequent math errors:
! EXCEPT=0

;Critical section goes here.
AGAI N:

; Did an arithmetic error occur? If so, print error nessage and
; request new val ues:

I F CHECK_MATH() NE O THEN BEGQ N

PRI NT, 'Math error occurred in critical section.'

; Get new paraneters from user:
READ, 'Enter new values.',...

Enabl e automatic printing of math errors:
I EXCEPT=2

;And retry:

GOTO, AGAIN
ENDI F
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Example 2

This example demonstrates the use of the MASK keyword to check for a specific
error, and the NOCLEAR keyword to prevent exceptions from being cleared:

PRO EXAMPLE2_CHECKVATH

PRINT, 1./0
PRI NT, CHECK_MATH( MASK=16, / NOCLEAR)
PRI NT, CHECK_MATH( MASK=2, / NOCLEAR)

END
IDL prints:

I nf

16

0

% Program caused arithnmetic error: Floating divide by 0

Version History
Introduced: Original
See Also

FINITE, ISHFT, MACHAR, “!VALUES’ on page 3895, “!EXCEPT” on page 3899,
“Math Errors’ in Chapter 18 of the Building IDL Applications manual.
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CHISQR CVF

The CHISQR_CVF function computes the cutoff value V in a Chi-square distribution
with Df degrees of freedom such that the probability that a random variable X is
greater than V is equal to a user-supplied probability P.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
chi sqr_cvf. prointheli b subdirectory of the IDL distribution.

Syntax
Result = CHISQR_CVF(P, Df)
Return Value

Returns computes the cutoff value V in a Chi-square distribution with Df degrees of
freedom such that the probability that arandom variable X is greater than V isequal to
a user-supplied probahility P.

Arguments

P

A non-negative single- or double-precision floating-point scalar, in the interval [0.0,
1.0], that specifies the probability of occurrence or success.

Df

A positive integer, single- or double-precision floating-point scalar that specifiesthe
number of degrees of freedom of the Chi-square distribution.

Keywords
None.
Examples
Use the following command to compute the cutoff value in a Chi-square distribution

with three degrees of freedom such that the probability that arandom variable X is
greater than the cutoff valueis 0.100. The result should be 6.25139.

PRI NT, CHI SQR_CVF(0.100, 3)
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IDL prints:
6. 25139

Version History
Introduced: 4.0
See Also

CHISQR_PDF, F_CVF, GAUSS CVF, T_CVF
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CHISQR PDF

The CHISQR_PDF function computes the probability P that, in a Chi-square
distribution with Df degrees of freedom, arandom variable X islessthan or equal to a
user-specified cutoff value V.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
chi sqr_pdf. prointheli b subdirectory of the IDL distribution.

Syntax

Result = CHISQR_PDF(V, Df)

Return Value

If both arguments are scalar, the function returns a scalar. If both arguments are
arrays, the function matches up the corresponding elements of V and Df, returning an
array with the same dimensions as the smallest array. If one argument is a scalar and
the other argument is an array, the function uses the scalar value with each element of
the array, and returns an array with the same dimensions as the input array.

If any of the arguments are double-precision, the result is doubl e-precision, otherwise
the result is single-precision.

Arguments

A scalar or array that specifies the cutoff value(s).

A positive scalar or array that specifies the number of degrees of freedom of the Chi-
square distribution.

Keywords

None.
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Examples

Use the following command to compute the probability that arandom variable X,
from the Chi-sguare distribution with three degrees of freedom, is less than or equal
to 6.25. The result should be 0.899939.

result = CH SQR_PDF(6.25, 3)
PRI NT, result

IDL prints:
0. 899939

Compute the probability that arandom variable X from the Chi-square distribution
with three degrees of freedom, is greater than 6.25. The result should be 0.100061.

PRINT, 1 - chisqgr_pdf(6.25, 3)
IDL prints:
0. 100061

Version History
Introduced: 4.0
See Also

BINOMIAL, CHISQR_CVF, F_PDF, GAUSS_PDF, T_PDF
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CHOLDC

Given a positive-definite symmetric n by n array A, the CHOLDC procedure
constructs its Cholesky decomposition A = LL", where L isalower tri angular array
and LT is the transpose of L.

CHOLDC is based on the routine chol dc described in section 2.9 of Numerical
Recipesin C: The Art of Scientific Computing (Second Edition), published by
Cambridge University Press, and is used by permission.

Note
If you are working with complex inputs, instead use the LA_CHOLDC procedure.

Syntax
CHOLDC, A, P [, /DOUBLE]
Arguments

A

Ann by narray. On input, only the upper triangle of A need be given. On output, L is
returned in the lower triangle of A, except for the diagonal elements, which are
returned in the vector P.

P

An n-element vector containing the diagonal elements of L.
Keywords
DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.
Examples

See “CHOLSOL” on page 238.
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Version History
Introduced: 4.0
See Also

CHOLSOL, LA_CHOLDC
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CHOLSOL

The CHOL SOL function returns an n-element vector containing the solution to the
set of linear equations Ax = b, where A is the positive-definite symmetric array
returned by the CHOLDC procedure.

CHOLSOL isbased on theroutine chol sl described in section 2.9 of Numerical

Recipesin C: The Art of Scientific Computing (Second Edition), published by

Cambridge University Press, and is used by permission.

Note
If you are working with complex inputs, instead use the LA_CHOL SOL procedure.

Syntax
Result = CHOLSOL( A, P, B[, /DOUBLE] )
Return Value

Returns an n-element vector containing the solution to the set of linear equations
Ax = b, where A is the positive-definite symmetric array returned by the CHOLDC.

Arguments
A

An n by n positive-definite symmetric array, as output by CHOLDC. Only the lower
triangle of A isaccessed.

P

The diagonal elements of the Cholesky factor L, as computed by CHOLDC.
B

An n-element vector containing the right-hand side of the equation.

Keywords

DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.
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Examples

To solve a positive-definite symmetric system Ax = b:

;Define the coefficient array:

A=[[ 6.0, 15.0, 55.0], $
[15.0, 55.0, 225.0], $
[65.0, 225.0, 979.0]]

; Define the right-hand side vector B:
B =1[9.5 50.0, 237.0]

; Conput e Chol esky deconposition of A
CHOLDC, A, P

; Conpute and print the solution:
PRI NT, CHOLSOL(A, P, B)

IDL prints:
-0.499998 -1.00000 0.500000
The exact solution vector is[-0.5, -1.0, 0.5].

Version History
Introduced: 4.0
See Also

CHOLDC, CRAMER, GS _ITER, LA_CHOLSOL, LU_COMPLEX, LUSOL,
SVSOL, TRISOL
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CINDGEN

The CINDGEN function returns a complex, single-precision, floating-point array
with the specified dimensions.

Syntax
Result = CINDGEN(Dy], ..., Dg])
Return Value

Returns a complex, single-precision, floating-point array with the specified
dimensions. Each element of the array hasits real part set to the value of its one-
dimensional subscript. The imaginary part is set to zero.

Arguments
Di

Either an array or a series of scalar expressions specifying the dimensions of the
result. If asingle argument is specified, it can be either ascalar expression or an array
of up to eight elements. If multiple arguments are specified, they must al be scalar
expressions. Up to eight dimensions can be specified. If the dimension arguments are
not integer values, IDL will convert them to integer values before creating the new

array.
Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the |CPU
system variable control whether IDL uses the thread pool for a given computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL _NOTHREAD to override the defaults established
by 'CPU for asingleinvocation of this routine. See Appendix C, “ Thread Pool
Keywords’ for details.
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Examples

To create C, a4-element vector of complex values with the real parts set to the value
of their subscripts, enter:

C = O NDGEN( 4)
Version History
Introduced: Original

See Also

BINDGEN, DCINDGEN, DINDGEN, FINDGEN, INDGEN, LINDGEN,
SINDGEN, UINDGEN, UL64INDGEN, ULINDGEN
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CIR_3PNT

The CIR_3PNT procedure returns the radius and center of acircle, given 3 points on
the circle. Thisis analogous to finding the circumradius and circumcircle of a
triangle; the center of the circumcircle is the point at which the three perpendicular
bisectors of the triangle formed by the points meet.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
cir_3pnt.prointhelib subdirectory of the IDL distribution.

Syntax
CIR_3PNT, X, Y, R, X0, YO
Arguments

X

A three-element vector containing the X-coordinates of the points.
Y

A three-element vector containing the Y-coordinates of the points.
R

A named variable that will contain the radius of the circle. The procedure returns 0.0
if the points are co-linear.

X0

A named variable that will contain the X-coordinate of the center of the circle. The
procedure returns 0.0 if the points are co-linear.

YO

A named variable that will contain the Y-coordinate of the center of the circle. The
procedure returns 0.0 if the points are co-linear.

Keywords

None.
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Examples
X =1[1.0, 2.0, 3.0]
Y =[1.0, 2.0, 1.0]
CIR 3PNT, X, Y, R X0, YO
PRINT, 'The radius is: ', R
PRI NT, 'The center of the circle is at: ', X0, YO

Version History
Introduced:; Pre 4.0
See Also

PNT_LINE, SPH_4PNT
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CLOSE

The CLOSE procedure closes the file units specified as arguments. All open files are
also closed when IDL exits.

Syntax

CLOSE[, Unity, ..., Unit,] [, /ALL] [, EXIT_STATUS=variable] [, /FILE]
[, IFORCE]

Arguments
Unit;
The IDL file unitsto close.
Keywords
ALL

Set this keyword to close al open file units. In addition, any file units that were
allocated via GET_LUN are freed.

EXIT_STATUS

Set this keyword to a named variable that will contain the exit status reported by a
UNIX child process started viathe UNIT keyword to SPAWN. This value is the exit
value reported by the process by calling EXIT, and is analogous to the value returned
by $? under most UNIX shells. If used with any other type of file, O is returned.
EXIT_STATUS s not allowed in conjunction with the ALL or FILE keywords.

FILE

Set this keyword to close all file units from 1 to 99. File units greater than 99, which
are associated with the GET_LUN and FREE_LUN procedures, are not affected.

FORCE

Overrides the IDL file output buffer and forces the file to be closed no matter what
errors accur in the process.

IDL buffersfile output for performance reasons. If it is not possible to properly flush
this data when afile closeis requested, an error is normally issued and thefile
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remains open. An example of thismight be that your disk does not have room to write
the remaining data. This default behavior prevents datafrom being lost. To overrideit
and force the file to be closed no matter what errors occur in the process, specify

FORCE.

Examples

If file units 1 and 3 are open, they can both be closed at the same time by entering the
command:
CLCSE, 1, 3

Version History
Introduced: Original
See Also

OPEN
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CLUST WTS

The CLUST_WTS function computes the weights (the cluster centers) of an m-
column, n-row array, where mis the number of variables and n is the number of
observations or samples.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
clust_wts. prointheli b subdirectory of the IDL distribution.

For more information on cluster analysis, see:

Everitt, Brian S. Cluster Analysis. New York: Halsted Press, 1993. ISBN 0-470-
22043-0

Syntax

Result = CLUST_WTS( Array [, /DOUBLE] [, N_CLUSTERS=value]
[, N_ITERATIONS=integer] [, VARIABLE_WTS=vector] )

Return Value

Returns an m-column, N_CLUSTERS-row array of cluster centers by computing the
weights (the cluster centers) of an m-column, n-row array, where mis the number of
variables and n is the number of observations or samples.

Arguments

Array

An m-column, n-row array of any datatype except string, single- or double-precision
complex.

Keywords
DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.
N _CLUSTERS

Set this keyword equal to the number of cluster centers. The default isto compute n
cluster centers.
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N_ITERATIONS

Set this keyword equal to the number of iterations used when in computing the cluster
centers. The default isto use 20 iterations.

VARIABLE_WTS

Set thiskeyword equal to an m-element vector of floating-point variable weights. The
elements of this vector are used to give greater or lesser importance to each variable
(each column) in determining the cluster centers. The default isto give all variables
equal weighting using avalue of 1.0.

Examples
See “CLUSTER” on page 248.

Version History
Introduced: 5.0

See Also

CLUSTER, “Multivariate Analysis’ in Chapter 22 of the Using IDL manual.
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CLUSTER

The CLUSTER function computes the classification of an m-column, n-row array,
where mis the number of variables and n is the number of observations or samples.
The classification is based upon a cluster analysis of sample-based distances.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
cluster. prointhelib subdirectory of the IDL distribution.

For more information on cluster analysis, see:

Everitt, Brian S. Cluster Analysis. New York: Halsted Press, 1993. ISBN 0-470-
22043-0

Syntax
Result = CLUSTER( Array, Weights [, /IDOUBLE] [, N_CLUSTERS=valug] )
Return Value

Resultsin a 1-column, n-row array of cluster number assignments that correspond to
each sample.

Arguments

Array

An M-column, N-row array of typefloat or double.
Weights

An array of weights (the cluster centers) computed using the CLUST_WTS function.
The dimensions of this array vary according to keyword val ues.

Keywords
DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.
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Set this keyword equal to the number of clusters. The default is based upon the row
dimension of the Weights array.

; Define an array with

Examples
array = $
[[ 1.5, 43.
[24.7, 49.
[30.7, 51.
[ 9.8, 4.
[19.1, 42.
[25.6, 13.
[ 1.4, 58.
[ 7.9, 2.
[22.1, 49.
[ 5.5 53.

ORI ONWOO®ERF

29.
28.
7.
31.
0.
3.
27.
30.
3.
4.

ONOOOONORFPONPE

1.
22.
18.

0.
12.
21.

7.

5.
21.

19

4 variables and 10 observations:

9,
8],
7,
1],
9],
7,
1],
4],
3],
. 311

P BBH PR DD P

; Conpute the cluster weights, using two distinct clusters:
wei ghts = CLUST_WIS(array, N_CLUSTERS=2)

; Compute the classification of each sanpl e:
CLUSTER(array, weights, N_CLUSTERS=2)

resul t

; Print each sanple (each row) of the array and its correspondi ng
cluster assignnent:
0, N _ELEMENTS(result)-1 DO PRINT, $

FOR k =
array[*, k],
IDL prints:

1.5 43.1
24.7 49.8
30.7 51.9

9.8 4.3
19.1 42.2
25.6 13.9

1.4 58.5

7.9 2.1
22.1 49.9

5.5 53.5

resul t(k),
29.1 1.9
28.2 22.8
7.0 18.7
31.1 0.1
0.9 12.9
3.7 21.7
27.6 7.1
30.6 5.4
3.2 21.3
4.8 19.3

Version History

Introduced: 5.0
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See Also

CLUST_WTS, PCOMP, STANDARDIZE, “Multivariate Analysis’ in Chapter 22 of
the Using IDL manual.
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COLOR_CONVERT

The COLOR_CONVERT procedure converts colors to and from the RGB (Red
Green Blue), HLS (Hue Lightness Saturation), and HSV (Hue Saturation Val ue)
color systems. A keyword parameter indicates the type of conversion to be performed
(one of the keywords must be specified). The first three parameters contain the input
color triple(s) which may be scalars or arrays of the same size. The result is returned
in the last three parameters, Og, O4, and O,. RGB values are bytesin the range 0 to
255.

Hue is measured in degrees, from 0 to 360. Saturation, Lightness, and Value are
floating-point numbersin the range 0 to 1. A Hue of O degreesisthe color red. Green
is 120 degrees. Blue is 240 degrees. A reference containing a discussion of the
various color systemsis. Foley and Van Dam, Fundamentals of I nteractive Computer
Graphics, Addison-Wesley Publishing Co., 1982.

Syntax

COLOR_CONVERT, lg, I4, I, Og, Oy, O, {, /HLS RGB |, /[HSV_RGB |,
/RGB_HLS|, /RGB_HSV}

Arguments

lo, 11, 1

Theinput color triple(s). These arguments may be either scalars or arrays of the same
length.

Oo, Ol’ 02

The variables to receive the result. Their structure is copied from the input
parameters.

Keywords
HLS RGB
Set this keyword to convert from HLS to RGB.

HSV_RGB
Set this keyword to convert from HSV to RGB.
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RGB_HLS

Set this keyword to convert from RGB to HLS.
RGB_HSV

Set this keyword to convert from RGB to HSV.

Examples

The command:
COLOR_CONVERT, 255, 255, 0, h, s, v, /RGB_HSV
converts the RGB color triple (255, 255, 0), which isthe color yellow at full intensity

and saturation, to the HSV system. The resulting hue in the variable h is 60.0 degrees.
The saturation and value, sand v, are set to 1.0.

Version History
Introduced: Pre 4.0

See Also

HLS, HSV
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COLOR QUAN

The COLOR_QUAN function quantizes a TrueColor image and returns a pseudo-
color image and palette to display the image on standard pseudo-color displays. The
output image and pal ette can have from 2 to 256 colors.

COLOR_QUAN solvesthe general problem of accurately displaying decomposed,
TrueColor images, that contain a palette of up to 22 colors, on pseudo-color displays
that can only display 256 (or fewer) simultaneous colors.

Using COLOR_QUAN

One of two color quantization methods can be used:

Method 1 is a statistical method that attemptsto find the N colors that most
accurately represent the original color distribution. This algorithm uses a
variation of the Median Cut Algorithm, described in “Color Image
Quantization for Frame Buffer Display”, from Computer Graphics, Volume
16, Number 3 (July, 1982), Page 297. It repeatedly subdivides the color space
into smaller and smaller rectangular boxes, until the requested number of
colors are obtained.

The original colors are then mapped to the nearest output color, and the
original image is resampled to the new palette with optional Floyd-Steinberg
color dithering. The resulting pseudo-color image and palette are usually a
good approximation of the original image.

The number of colorsin the output palette defaults to the number of colors
supported by the currently-selected graphics output device. The number of
colors can aso be specified by the COLOR keyword parameter.

Method 2, selected by setting the keyword parameter CUBE, divides the three-
dimensional color space into equal-volume cubes. Each color axisis divided
into CUBE segments, resulting in CUBE?® volumes. Theori ginal input imageis
sampled to this color space using Floyd-Steinberg dithering, which distributes
the quantization error to adjacent pixels.

The CUBE method has the advantage that the color tables it produces are
independent of the input image, so that multiple quantized images can be
viewed simultaneously. The statistical method usually provides a better-
looking result and a smaller global error.

COLOR_QUAN can use the same color mapping for a series of images. See the
descriptions of the GET_TRANSLATION, MAP_ALL, and TRANSLATION
keywords, below.
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Syntax

Result = COLOR_QUAN( Image R, Image_G, Image B, R, G, B)
or
Result = COLOR_QUAN( Image, Dim, R, G, B)

Keywords: [, COLORS=integer{2 to 256}] [, CUBE={2|3|4|5|6} |,
GET_TRANSLATION=variable[,/MAP_ALL]] [, /DITHER] [, ERROR=variabl€]
[, TRANSLATION=vector]

Note that the input image parameter can be passed as either three, separate color-
component arrays (Image_R, Image_G, Image_B) or as athree-dimensional array
containing all three components, Image, and a scalar, Dim, indicating the dimension
over which the colors are interleaved.

Return Value

Returns a pseudo-color image composed of 2 to 256 colors.
Arguments

Image_R, Image_G, Image_B

Arrays containing the red, green, and blue components of the decomposed TrueColor
image. For best results, the input image(s) should be scaled to the range of 0 to 255.

Image

A three-dimensional array containing all three components of the TrueColor image.
Dim

A scalar that indicates the method of color interleaving in the Image parameter. A

value of 1 indicatesinterleaving by pixel: (3, n, m). A value of 2 indicatesinterleaving
by row: (n, 3, m). A value of 3 indicatesinterleaving by image: (n, m, 3).
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R,G,B

Three output byte arrays containing the red, green, and blue components of the output
palette.

Keywords

COLORS

The number of colorsin the output palette. This value must be at least 2 and not
greater than 256. The default is the number of colors supported by the current
graphics output device.

CUBE

If this keyword is set, the color space is divided into CUBE3volumes, to which the
input image is quantized. Thisresult is aways Floyd-Steinberg dithered. The value of
CUBE can range from 2 to 6; providing from 23 = 8, to 6% = 216 output colors. If this
keyword is set, the COLORS, DITHER, and ERROR keywords are ignored.

DITHER

Set this keyword to dither the output image. Dithering can improve the appearance of
the output image, especialy when using relatively few colors.

ERROR

Set this optional keyword to a named variable. A measure of the quantization error is
returned. Thiserror is proportional to the square of the Euclidean distance, in RGB
space, between corresponding colorsin the original and output images.

GET_TRANSLATION

Set this keyword to a named variable in which the mapping between the original
RGB triples (in the TrueColor image) and the resulting pseudo-color indicesis
returned as a vector. Do not use this keyword if CUBE is set.

MAP_ALL

Set this keyword to establish a mapping for al possible RGB triples into pseudo-
color indices. Set this keyword only if GET_TRANSLATION is also present. Note
that mapping all possible colors requires more compute time and dlightly degrades
the quality of the resultant color matching.
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TRANSLATION

Set this keyword to avector of tranglation indices obtained by a previous call to
COLOR_QUAN using the GET_TRANSLATION keyword. The resulting imageis
guantized using this vector.

Examples

The following code segment reads a TrueColor, row interleaved, image from a disk
file, and displays it on the current graphics display, using a palette of 128 colors:

; Open an input file:
OPENR, unit, 'XXX. DAT', /CET_LUN

; Di mensi ons of the input inmage:
a = BYTARR(512, 3, 480)

; Read the inmge:
READU, unit, a

;Close the file:
FREE LUN, unit

; Show the quantized image. The 2 indicates that the colors are
;interleaved by row
TV, COLOR QUAN(a, 2, r, g, b, COLORS=128)

;Load the new pal ette:
TVLCT, r, g, b

To quantize the image into 216 equal-volume color cubes, replace the call to
COLOR_QUAN with the following:

TV, COLOR QUAN(a, 2, r, g, b, CUBE=6)
Version History
Introduced: Pre 4.0
See Also

PSEUDO
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COLORMAP_APPLICABLE

The COLORMAP_APPLICABLE function determines whether the current visual
class supports the use of acolormap, and if so, whether colormap changes affect pre-
displayed Direct Graphics or if the graphics must be redrawn to pick up colormap
changes.

This routine iswritten in the IDL language. Its source code can be found in thefile
col or map_appl i cabl e. prointhel i b subdirectory of the IDL distribution.

Syntax
Result = COLORMAP_APPLICABLE( redrawRequired )

Return Value

The function returns along value of 1 if the current visual class alows modification
of the color table, and O otherwise.

Arguments

redrawRequired

A named variable to retrieve a value indicating whether the visual class supports
automatic updating of graphics. The value is 0 if the graphics are updated
automatically, or 1 if the graphics must be redrawn to pick up changesto the
colormap.

Keywords
None.
Examples

To determine whether to redisplay an image after a colormap change:

result = COLORMAP_APPLI CABLE(redr awRequi r ed)

IF ((result GI 0) AND (redrawRequired GI 0)) THEN BEG N
ny_redraw

ENDI F

IDL Reference Guide COLORMAP_APPLICABLE



258

Version History

Introduced: 5.2
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COMFIT

The COMFIT function fits the paired data{xi, yi} to one of six common types of
approximating models using a gradient-expansion | east-squares method.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
confit.prointhelib subdirectory of the IDL distribution.

Syntax

Result = COMHIT( X, Y, A{, [EXPONENTIAL | ,/GEOMETRIC |, /GOMPERTZ |,
/HYPERBOLIC |, /LOGISTIC |, /ILOGSQUARE} [, SIGMA=variable]
[, WEIGHTS=vector] [, YFIT=variable] )

Return Value
Results in a vector containing the model parameters ag, a4, ay, €tc.
Arguments

X

An n-element integer, single-, or double-precision floating-point vector.
Y

An n-element integer, single-, or double-precision floating-point vector.
A

A vector of initial estimates for each model parameter. The length of this vector
depends upon the type of model selected.

Keywords

Note
One of the following keywords specifying a type of model must be set when using
COMPFIT. If you do not specify amodel, IDL will display awarning message when
COMFIT iscaled.
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COMFIT

EXPONENTIAL
Set this keyword to compute the parameters of the exponential model.

—_ X
Yy = 3+t

GEOMETRIC
Set this keyword to compute the parameters of the geometric model.
y = apx*+a,
GOMPERTZ

Set this keyword to compute the parameters of the Gompertz model.

—_ X
Yy = gt

HYPERBOLIC
Set this keyword to compute the parameters of the hyperbolic model.
1
y =
ag + X
LOGISTIC
Set this keyword to compute the parameters of the logistic model.
1
Y T aata
QP + 3

LOGSQUARE

Set this keyword to compute the parameters of the logsquare model.
y = ay+a,log(x) + a,log(x)?

SIGMA

Set this keyword to a named variable that will contain a vector of standard deviations
for the computed model parameters.
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WEIGHTS

Set this keyword equal to a vector of weights for Y. This vector should be the same
length as X and Y. The error for each term is weighted by WEIGHTS; when
computing the fit. Frequently, WEIGHTS; = 1.0/02i, where ¢ is the measurement
error or standard deviation of Y; (Gaussian or instrumental weighting), or
WEIGHTS = 1/Y (Poisson or statistical weighting). If WEIGHTS is not specified,
WEIGHTS; is assumed to be 1.0.

YFIT

Set this keyword to a named variable that will contain an n-element vector of y-data
corresponding to the computed model parameters.

Examples

Define two n-el ement vectors of paired data:
X =1 2.27, 15.01, 34.74, 36.01, 43.65, 50.02, 53.84, 58.30, $
62.12, 64.66, 71.66, 79.94, 85.67, 114.95]
Y = [ 5.16, 22.63, 34.36, 34.92, 37.98, 40.22, 41.46, 42.81, $
43.91, 44.62, 46.44, 48.43, 49.70, 55.31]

Define a 3-elenent vector of initial estimates for the | ogsquare
; nodel :
A=[1.5 1.5, 1.5]
; Conpute the nodel paraneters of the |ogsquare nodel, A[0], A 1],

S & A 2]
result = COWFIT(X, Y, A /LOGSQUARE)

The result should be the 3-element vector: [1.42494, 7.21900, 9.18794].
Version History

Introduced: 4.0
See Also

CURVEFIT, LADFIT, LINFIT, LMFIT, POLY_FIT, SVDFIT
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COMMON

The COMMON statement creates a common block.

Note
For more information on using COMMON, see Chapter 3, “Constants and
Variables’ in the Building IDL Applications manual.

Syntax
COMMON Block_Name, Variabley, ..., Variable,
Version History

Introduced: Origina
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COMPILE_OPT

The COMPILE_OPT statement allows you to give the IDL compiler information that
changes some of the default rules for compiling the function or procedure within
which the COMPILE_OPT statement appears.

RSI recommends the use of
COWPI LE_OPT | DL2

in al new code intended for use in areusable library. We further recommend the use
of

COWPI LE_OPT idl 2, H DDEN

in all such routines that are not intended to be called directly by regular users (e.g.
helper routines that are part of alarger package).

Note
For information on using COMPILE_OPT, see Chapter 4, “ Procedures and
Functions” in the Building IDL Applications manual.

Syntax
COMPILE_OPT opt, [, opty, ..., opt,]

Arguments

opt,
This argument can be any of the following:
e |DL2— A shorthand way of saying:
COWPI LE_OPT DEFINT32, STRI CTARR

e DEFINT32 — IDL should assume that lexical integer constants default to the
32-bit type rather than the usual default of 16-bit integers. This takes effect
from the point where the COMPILE_OPT statement appears in the routine
being compiled and remains in effect until the end of the routine. The
following table illustrates how the DEFINT32 argument changes the
interpretation of integer constants:

IDL Reference Guide COMPILE_OPT



264

COMPILE_OPT

Constant Normal Type DEFINT32 Type
Without type specifier:
42 INT LONG
'2a' x INT LONG
42u UINT ULONG
'2a' xu UINT ULONG
With type specifier:
0b BYTE BYTE
Os INT INT
0l LONG LONG
42.0 FLOAT FLOAT
42d DOUBLE DOUBLE
42us UINT UINT
42ul ULONG ULONG
4211 LONG64 LONG64
42ul | ULONG64 ULONG64

Table 5: Examples of the Effect of the DEFINT32 Argument

HIDDEN — This routine should not be displayed by HEL P, unless the FULL
keyword to HELP is used. This directive can be used to hide helper routines

that regular IDL users are not interested in seeing.

A side-effect of making aroutine hidden isthat IDL will not print a“Compile
module” message for it when it is compiled from the library to satisfy acall to
it. This makes hidden routines appear built-in to the user.

LOGICAL_PREDICATE — When running this routine, from the point
wherethe COMPILE_OPT statement appears until the end of the routine, treat
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any non-zero or non-NULL predicate value as “true,” and any zero or NULL
predicate value as “false.”

Background

A predicate expression is an expression that is evaluated as being “true” or
“false” as part of a statement that controls program execution. IDL evaluates
such expressions in the following contexts:

e |F...THEN. .. ELSE statements
e 2 : inline conditional expressions
e VHI LE. .. DOstatements

e REPEAT. .. UNTI L statements

« when evaluating the result from an INIT function method to determineif a
call to OBJ NEW successfully created a new object

By default, IDL usesthe following rules to determine whether an expressionis
true or false:

¢ Integer — Aninteger isconsidered trueiif itsleast significant bit is 1, and
false otherwise. Hence, odd integers are true and even integers (including
zero) are false. Thisinterpretation of integer truth values is sometimes
referred to as “bitwise,” reflecting the fact that the value of the least
significant bit determines the result.

e Other — Non-integer numeric types are true if they are non-zero, and
false otherwise. String and heap variables (pointers and object references)
aretrueif they are non-NULL, and false otherwise.

The LOGICAL_PREDICATE option aters the way IDL evaluates predicate
expressions. When LOGICAL_PREDICATE is set for aroutine, IDL uses the
following rules to determine whether an expression istrue or false:

e Numeric Types— A number is considered true if its value is non-zero,
and false otherwise.

¢ Other Types— Strings and heap variables (pointers and object
references) are considered true if they are non-NULL, or false otherwise.

Note on the NOT Operator

When using the LOGICAL_PREDICATE compile option, you must be aware
of the fact that applying the IDL NOT operator to integer data computes a
bitwise negation (1's complement), and is generally not applicable for usein
logical computations. Consider the common construction:
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COMPILE_OPT

WHI LE (NOT EOF(1un)) DO BEG N

ENDWHI LE

The EOF function returns O while the file specified by LUN has data left, and
returns 1 when hits the end of file. However, the expression “NOT 1" hasthe
numeric value -2. When the LOGICAL_PREDICATE option is not in use, the
WHILE statement sees-2 asfalsg; if the LOGICAL_PREDICATE isin use, -2
isatrue value and the above loop will not terminate as desired.

The proper way to write the above loop uses the ~ logical negation operator:
WHI LE (~ EOF(lun)) DO BEG N

ENDWHI LE

It isworth noting that this version will work properly whether or not the
LOGICAL_PREDICATE compile optionisin use. Logical negation
operations should always use the ~ operator in preference to the NOT operator,
reserving NOT exclusively for bitwise computations.

OBSOLETE — If the user has'WARN.OBS ROUTINES set to True,
attempts to compile acall to this routine will generate warning messages that
this routine is obsolete. This directive can be used to warn people that there
may be better ways to perform the desired task.

STRICTARR — While compiling this routine, IDL will not alow the use of
parentheses to index arrays, reserving their use only for functions. Square
brackets are then the only way to index arrays. Use of this directive will
prevent the addition of a new function in future versions of IDL, or new
libraries of IDL code from any source, from changing the meaning of your
code, and is an especially good ideafor library functions.

Use of STRICTARR can eliminate many uses of the FORWARD_FUNCTION
definition.

STRICTARR has no effect on the use of parentheses to reference structure tags
using the tag index, which is not an array indexing operation. For example, no
syntax error will occur when compiling the following code:

COWPI LE_OPT STRI CTARR
mystruct = {a: 0, b:1}
byi ndex_0 = nystruct. (0)
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For more on referencing structure tags by index, see “Advanced Structure Usage” in
Chapter 7 of the Building IDL Applications manual.

* STRICTARRSUBS— When IDL subscripts one array using another array as
the source of array indices, the default behavior isto clip any out-of-range
indices into range and then quietly use the resulting data without error. This
behavior isdescribed in “Array Subscripting” in Chapter 6 of the Building IDL
Applications manual. Specifying STRICTARRSUBS will instead cause IDL to
treat such out-of-range array subscripts within the body of the routine
containing the COMPILE_OPT statement as an error. The position of the
STRICTARRSUBS option within the module is not important: All
subscripting operations within the entire body of the specified routine will be
treated this way.

Version History

Introduced: 5.3.
STRICTARRSUBS option added: 5.6
LOGICAL_PREDICATE option added: 6.0
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COMPLEX

The COMPLEX function returns complex scalars or arrays given one or two scalars
or arrays.

Syntax

Result = COMPLEX( Real [, Imaginary] [, /DOUBLE])

or

Result = COMPLEX (Expression, Offset, Dy [, ..., Dg] [, /DOUBLE])

Return Value

Returns complex scalars or arrays given one or two scalars or arrays. If only one
parameter is supplied, the imaginary part of theresult is zero, otherwiseit is set to the
value of the Imaginary parameter. Parameters are first converted to single-precision
floating-point. If either or both of the parameters are arrays, the result is an array,
following the same rules as standard IDL operators. If three parameters are supplied,

COMPLEX extracts fields of datafrom Expression.
Arguments

Real

Scalar or array to be used as the real part of the complex result.
Imaginary

Scalar or array to be used as the imaginary part of the complex result.
Expression

The expression from which dataiis to be extracted.

Offset

Offset from beginning of the Expression data area. Specifying this argument allows
fields of data extracted from Expression to be treated as complex data. See the
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description in Chapter 3, “ Constants and Variables’ in the Building IDL Applications
manual for details.

D;

When extracting fields of data, the D; arguments specify the dimensions of the result.
If no dimension arguments are given, the result istaken to be scaar.

The D; arguments can be either an array or a series of scalar expressions specifying
the dimensions of the result. If asingle argument is specified, it can be either ascalar
expression or an array of up to eight elements. If multiple arguments are specified,
they must all be scalar expressions. Up to eight dimensions can be specified.

When converting from astring argument, it is possible that the string does not contain
avalid floating-point value and no conversion is possible. The default action in such

casesisto print awarning message and return 0. The ON_IOERROR procedure can

be used to establish a statement to be jumped to in case of such errors.

Keywords

DOUBLE

Set this keyword to return a double-precision complex result. Setting this keyword is
equivalent to using the DCOMPLEX function, and is provided as a programming
convenience.

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for a given computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by 'CPU for asingle invocation of this routine. See Appendix C, “ Thread Pool
Keywords’ for details.

Examples

Create acomplex array from two integer arrays by entering the following commands:

; Create the first integer array:
A=11,2,3]

; Create the second integer array:
B =1[45,6]
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Make A the real parts and B the inaginary parts of the new
; conplex array:
C = COWPLEX(A, B)

; See how the two arrays were conbi ned:
PRINT, C

IDL prints:

( 1.00000, 4.00000)( 2.00000, 5.00000)
( 3.00000, 6.00000)

Thereal and imaginary parts of the complex array can be extracted as follows:

Print the real part of the conplex array C
PRINT, 'Real Part: ', REAL_PART(CQ)

Print the imaginary part of the conplex array C
PRI NT, 'Imaginary Part: ', | MAG NARY(C)

IDL prints:

Real Part: 1.00000 2.00000 3.00000
| magi nary Part: 4. 00000 5. 00000 6. 00000

Version History
Introduced: Original
See Also

BYTE, CONJ, DCOMPLEX, DOUBLE, FIX, FLOAT, IMAGINARY, LONG,
LONG64, REAL_PART, STRING, UINT, ULONG, ULONG64
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COMPLEXARR

The COMPLEXARR function returns a complex, single-precision, floating-point
vector or array.

Syntax
Result = COMPLEXARR( D], ..., Dg] [, /INOZERQ] )
Return Value
Returns a complex, single-precision, floating-point vector or array.
Arguments
D
Either an array or a series of scalar expressions specifying the dimensions of the
result. If asingle argument is specified, it can be either a scalar expression or an array
of up to eight elements. If multiple arguments are specified, they must al be scalar
expressions. Up to eight dimensions can be specified.
Keywords
NOZERO

Normally, COMPLEXARR sets every element of the result to zero. If the NOZERO
keyword is set, this zeroing is not performed, and COMPLEXARR executes faster.

Examples

To create an empty, 5-element by 5-element, complex array C, enter:
C = COWPLEXARR(5, 5)

Version History

Introduced: Original
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See Also

DBLARR, DCOMPLEXARR, FLTARR, INTARR, LON64ARR, LONARR,
MAKE_ARRAY, STRARR, UINTARR, ULONG64ARR, ULONARR
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COMPLEXROUND

The COMPLEXROUND function rounds real and imaginary components of a
complex array.

Thisroutineiswritten in the IDL language. Its source code can be found in thefile
conpl exround. pro inthel i b subdirectory of the IDL distribution.

Syntax
Result = COMPLEXROUND(Input)
Return Value
Returns the result of rounding the real and imaginary components of the input array.
If the array is double-precision complex, then the result is also double-precision
complex.
Arguments
Input
The complex array to be rounded.
Keywords
None.
Examples

X = [ COMPLEX(1.245, 3.88), COMPLEX(9.1, 0.3345)]
PRI NT, COVPLEXROUND( X)

IDL prints:
( 1.00000, 4.00000)( 9.00000, 0.00000)

Version History

Introduced: Pre 4.0
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See Also

ROUND
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COMPUTE_MESH_NORMALS

The COMPUTE_MESH_NORMALS function computes normal vectors for a set of
polygons described by the input array.

Syntax

Result = COMPUTE_MESH_NORMALS( fVerts], iConn] )
Return Value

Returns a3 x M array containing a unit normal for each vertex in the input array.
Arguments

fVerts
A 3 x M array of vertices.
iConn

A connectivity array (see the POLY GONS keyword to IDLgrPolygon::Init). If no
iConn array is provided, it is assumed that the vertices in fVerts constitute asingle

polygon.
Keywords

None.
Version History

Introduced: 5.1
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COND

The COND function returns the condition number of areal or complex two-
dimensional array A.

By default, COND usesthe L L  For theL, and L, norms, the condition number
iscomputed form NORM (A)-NORM(INVERT(A)). If Aisrea andtheinverseof A is
invalid (due to the singularity of A or floating-point errorsin the INVERT function),
COND returns-1. If Aiscomplex and theinverse of A isinvalid (due to the
singularity of A), calling COND results in floating-point errors.

For the L, norm, the condition number is defined as the ratio of the largest singular
value to the smallest. The singular values are computed using SVDC.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
cond. prointhel i b subdirectory of the IDL distribution.

Syntax
Result = COND( A [, /DOUBLE] [, LNORM={0]| 1| 2}])

Return Value
Returns the condition number of an n by nreal or complex array A by explicitly
computing NORM(A)-NORM(A™Y). If Aisreal and A lisinvalid (dueto the
singularity of A or floating-point errorsin the INVERT function), COND returns -1.
If Aiscomplex and AL isinvalid (due to the singularity of A), calling COND results
in floating-point errors.

Arguments

A

The two-dimensional array. For LNORM = 0 or 1, the array A must be a square and
can be either real or complex. For LNORM = 2, the array A may be rectangular and
can only beredl.

Keywords

DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.
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LNORM

Set this keyword to an integer value to indicate which norm to use for the
computation. The possible values of this keyword are;

Value Description
0 Usethe L, norm (the maximum absolute row sum norm).
Thisisthe default.
1 Use the L, norm (the maximum absol ute column sum norm).
2 Use the L, norm (the spectral norm). For LNORM =2, A

cannot be complex.

Table 6: LNORM Keyword Values

Examples

Define a conplex array A
A = [[ COWLEX(1, 0), COWLEX(2,-2), COWLEX(-3, 1)], $
[ COWPLEX(1, -2), COWPLEX(2, 2), COWPLEX(1, 0)], $
[ COWLEX(1, 1), COWPLEX(O0, 1), COVPLEX(1, 5)]]

; Conpute the condition nunber of the array using internal
; doubl e-precision arithmetic:
PRI NT, COND(A, /DOUBLE)

IDL prints:
5.93773

Version History
Introduced: Pre 4.0
See Also

DETERM, INVERT, NORM, SVDC
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CONGRID

The CONGRID function shrinks or expands the size of an array by an arbitrary
amount. CONGRID issimilar to REBIN in that it can resize a one, two, or three
dimensional array, but where REBIN requires that the new array size must be an
integer multiple of the original size, CONGRID will resize an array to any arbitrary
size. (REBIN is somewhat faster, however.) REBIN averages multiple points when
shrinking an array, while CONGRID just resamples the array.

This routine iswritten in the IDL language. Its source code can be found in thefile
congrid. prointhel i b subdirectory of the IDL distribution.

Syntax

Result = CONGRID( Array, X, Y, Z [, /CENTER] [, CUBIC=value{-1 to 0}]
[, INTERP] [, /MINUS ONE] )

Return Value

Returns the resized array. The returned array has the same number of dimensions as
the original array and is of the same data type.

Arguments

Array

A 1-, 2-, or 3-dimensional array to resize. Array can be any type except string or
structure.

X

The new X-dimension of the resized array. X must be an integer or along integer, and
must be greater than or equal to 2.

Y

The new Y-dimension of theresized array. If the original array has only 1 dimension,
Yisignored. If the original array has 2 or 3 dimensions Y MUST be present.
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The new Z-dimension of the resized array. If the original array hasonly 1 or 2
dimensions, Z isignored. If the origina array has 3 dimensions then Z MUST be
present.

Keywords

CENTER

Set this keyword to shift the interpolation so that pointsin the input and output arrays
are assumed to lie at the midpoint of their coordinates rather than at their lower-left
corner.

CUBIC

CONGRID

Set this keyword to avalue between -1 and 0 to use the cubic convolution
interpolation method with the specified value as the interpolation parameter. Setting
this keyword equal to avalue greater than zero specifies avaue of -1 for the
interpolation parameter. Park and Schowengerdt (see reference below) suggest that a
value of -0.5 significantly improves the reconstruction properties of this algorithm.
This keyword has no effect when used with 3-dimensional arrays.

Cubic convolution is an interpolation method that closely approximates the
theoretically optimum sinc interpolation function using cubic polynomials.
According to sampling theory, details of which are beyond the scope of this
document, if the original signal, f, is aband-limited signal, with no frequency
component larger than mq, and f is sampled with spacing less than or equal to 1/(2wm),
then f can be reconstructed by convolving with a sinc function: sinc(x) = sin(rnx) /

(x).

In the one-dimensional case, four neighboring points are used, while in the two-
dimensional case 16 points are used. Note that cubic convolution interpolation is
significantly slower than bilinear interpolation.

For further details see;

Rifman, S.S. and McKinnon, D.M., “Evaluation of Digital Correction Techniquesfor
ERTS Images; Final Report”, Report 20634-6003-TU-00, TRW Systems, Redondo
Beach, CA, July 1974.

S. Park and R. Schowengerdt, 1983 “Image Reconstruction by Parametric Cubic
Convolution”, Computer Vision, Graphics & Image Processing 23, 256.
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INTERP

Set this keyword to force CONGRID to use linear interpolation when resizing a 1- or
2-dimensional array. CONGRID automatically uses linear interpolation if the input
array is 3-dimensional. When the input array is 1- or 2-dimensional, the default isto
employ nearest-neighbor sampling.

MINUS_ONE

Set this keyword to prevent CONGRID from extrapolating one row or column
beyond the bounds of the input array. For example, if the input array has the
dimensions (i, j) and the output array has the dimensions (X, y), then by default the
array isresampled by afactor of (i/x) inthe X direction and (j/y) intheY direction. If
MINUS_ONE is set, the array will be resampled by the factors (i-1)/(x-1) and (j-
D/(y-1).

Examples

Givenvol isa3-D array with the dimensions (80, 100, 57), resize it to be a (90, 90,
80) array

vol = CONGRI D(vol, 90, 90, 80)
Version History
Introduced: Original
See Also

REBIN
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CONJ

The CONJ function returns the complex conjugate of X. The complex conjugate of
the real-imaginary pair (x, y) is(x, -y). If Xisnot complex, acomplex-valued copy of
Xisused.

Syntax
Result = CONJ(X)
Return Value
Returns the complex conjugate of X.
Arguments
X

The value for which the complex conjugate is desired. If X isan array, the result has
the same structure, with each element containing the complex conjugate of the
corresponding element of X.

Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for a given computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by !CPU for asingle invocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.

Examples

Print the conjugate of the complex pair (4.0, 5.0) by entering:
PRI NT, CONJ( COMPLEX(4.0, 5.0))

IDL prints:
( 4.00000, -5.00000)
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Version History
Introduced: Original
See Also

CINDGEN, COMPLEX, COMPLEXARR, DCINDGEN, DCOMPLEX,
DCOMPLEXARR
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CONSTRAINED_MIN

The CONSTRAINED_MIN procedure solves nonlinear optimization problems of the
following form:

Minimize or maximize gp(X), subject to:
gl <gi(X)<gub; fori=0,.,nfuns-1,i=p
xIbJ- < Xj £xubj forj=0,..,nvars-1

Xisavector of nvarsvariables, Xg ,....Xpvars~1, @nd G is avector of nfuns functions
90 »--Onfuns-1, Which all depend on X. Any of these functions may be nonlinear. Any
of the bounds may be infinite and any of the constraints may be absent. If there are no
constraints, the problem is solved as an unconstrained optimization problem. The
program solves problems of thisform by the Generalized Reduced Gradient M ethod.
See References 1-4.

CONSTRAINED_MIN usesfirst partial derivatives of each function g; with respect
to each variable x;. These are automatically computed by finite difference
approximation (either forward or central differences).

CONSTRAINED_MIN is based on an implementation of the GRG algorithm
supplied by Windward Technologies, Inc. See Reference 11.

Syntax

CONSTRAINED_MIN, X, Xbnd, Gbnd, Nobj, Gcomp, Inform [, EPSTOP=valug]
[, LIMSER=value] [, MAXIMIZE] [, NSTOP=value] [, REPORT=filename]
[, TITLE=string]

Arguments

X

An nvars-element vector. On input, X containsinitial values for the variables. On
output, X contains final values of the variable settings determined by
CONSTRAINED_MIN.

Xbnd

Bounds on variables. Xbnd is an nvars x 2 element array.

e Xbnd[j,0] isthe lower bound for variable x[j].
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e Xbnd[j,1] isthe upper bound for variable X[j].
e Use-1.0e30 to denote no lower bound and 1.0e30 for no upper bound.

Gbnd
Bounds on constraint functions. Gbnd is an nfuns x 2 element array.
*  Gbnd[i,0] isthelower bound for function gf[i].
e Gbnd[i,1] isthe upper bound for function gfi].

e use-1.0e30 to denote no lower bound and 1.0e30 for no upper bound.

Bounds on the objective function are ignored; set them to 0.
Nobj

Index of the objective function.
Gcomp

A scalar string specifying the name of a user-supplied IDL function. This function
must accept an nvars-element vector argument x of variable values and return an
nfuns-element vector G of function values.

Inform

Termination status returned from CONSTRAINED_MIN.

Inform value Message
0 Kuhn-Tucker conditions satisfied.
Thisisthe best possible indicator that an optimal point has been
found.
1 Fractional change in objective less than EPSTOP for NSTOP

consecutive iterations. See Keywords below.
Thisisnot asgood as Inform=0, but still indicatesthe likelihood
that an optimal point has been found.

2 All remedies have failed to find a better point.
User should check functions and bounds for consistency and,
perhaps, try other starting val ues.

Table 7: Inform Argument Values
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Inform value Message

3 Number of completed 1-dimensional searches exceeded
LIMSER. See Keywords below.

User should check functions and bounds for consistency and,
perhaps, try other starting values. It might help to increase
LIMSER. Use LIMSER=larger_value to do this.

4 Objective function is unbounded.

CONSTRAINED_MIN has observed dramatic change in the
objective function over severa steps. Thisisagood indication
that the objective function is unbounded. If thisis not the case,
the user should check functions and bounds for consistency.

5 Feasible point not found.

CONSTRAINED_MIN was not able to find afeasible point. If
the problem is believed to be feasible, the user should check
functions and bounds for consistency and perhapstry other
starting values.

6 Degeneracy has been encountered.

The point returned may be close to optimal. The user should
check functions and bounds for consistency and perhaps try
other starting values.

7 Noisy and nonsmooth function values. Possible singularity or
error in the function evaluations.
8 Optimization process terminated by user request.
9 Maximum number of function evaluations exceeded.
-1 Fatal Error. Some condition, such as nvars < 0, was

encountered. CONSTRAINED_ MIN documented the condition
in the report and terminated. In this case, the user needsto
correct the input and rerun CONSTRAINED_MIN.

-2 Fatal Error. The report file could not be opened. Check the
filename specified viathe REPORT keyword, and make sure
you have write privileges to the specified path.

Table 7: Inform Argument Values
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Inform value Message

-3 Fatal Error. Same as Inform = —1. In this case, the REPORT
keyword was not specified. Specify the REPORT keyword and
rerun CONSTRAINED_MIN, then check the report file for
more detail on the error.

Table 7: Inform Argument Values

Keywords

EPSTOP

Set this keyword to specify the CONSTRAINED_MIN convergence criteria. If the
fractional change in the objective function is less than EPSTOP for NSTOP
consecutive iterations, the program will accept the current point as optimal .
CONSTRAINED_MIN will accept the current point as optimal if the Kuhn-Tucker
optimality conditions are satisfied to EPSTOP. By default, EPSTOP = 1.0e-4.

LIMSER

If the number of completed one dimensional searches exceeds LIMSER,
CONSTRAINED_MIN terminates and returns inform = 3. By default: LIMSER =
10000.

MAXIMIZE

By default, the CONSTRAINED_MIN procedure performs a minimization. Set the
MAXIMIZE keyword to perform a maximization instead.

NSTOP

Set this keyword to specify the CONSTRAINED_MIN convergence criteria. If the
fractional change in the objective function is less than EPSTOP for NSTOP
consecutive iterations, CONSTRAINED_MIN will accept the current point as
optimal. By default, NSTOP = 3.

REPORT

Set this keyword to specify aname for the CONSTRAINED_MIN report file. If the
specified file does not exist, it will be created. Note that if the file cannot be created,
no error message will be generated. If the specified file already exists, it will be
overwritten. By default, CONSTRAINED_MIN does not create areport file.
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TITLE

Set this keyword to specify atitle for the problem in the CONSTRAINED_MIN
report.

Examples

This example has 5 variables { X0, X1, ..., X4}, bounded above and below, a
quadratic objective function { G3}, and three quadratic constraints { GO, G1, G2},
with both upper and lower bounds. See the Himmelblau text [7], problem 11.

Minimize:

G3 = 5.3578547X2X2 + 0.8356891X0X4 + 37.293239X0 - 40792. 141
Subject to:
0 < GO = 85.334407 + 0.0056858X 1X4 + 0.0006262X0X 3 - 0.0022053X 2X4 < 92
90 < G1 =80.51249 + 0.0071317X1X4 + 0.0029955X 0X 1 + 0.0021813X2X2 <110
20 < G2 = 9.300961 + 0.0047026X 2X4 + 0.0012547X0X 2 + 0.0019085X 2X 3 < 25

and,
78 < X0 < 102
33 < X1 < 45
27 < X2 < 45
27 < X3 < 45
27 < X4 < 45

This problem is solved starting from X = {78, 33, 27, 27, 27} whichisinfeasible
because constraint G2 is not satisfied at this point.

The constraint functions and objective function are evaluated by HMBL 11:

H mmel bl au Problem 11
;5 variables and 4 functions
FUNCTI ON HMBL11, X

g = DBLARR(4)

g[ 0] = 85.334407 + 0.0056858*x[ 1] *x[4] + 0.0006262*x[0] $
*x[3] - 0.0022053*x[ 2] *x[ 4]

gl 1] = 80.51249 + 0.0071317*x[1]*x[4] + 0.0029955*x[0] $
*x[1] + 0.0021813*x[ 2] *x[ 2]

gl 2] = 9.300961 + 0.0047026*x[2]*x[4] + 0.0012547*x[0]* $
x[2] + 0.0019085*x[ 2] *x[ 3]

g[ 3] = 5.3578547*x[2] *x[2] + 0.8356891*x[ 0] *x[4] $
+ 37.293239*x[0] - 40792.141

RETURN, g

END
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Exanpl e probl em for CONSTRAI NED M N
; H mmel bl au Probl em 11
; 5 variables and 3 constraints
; Constraints and objective defined in HvBL11
xbnd

= [[78, 33, 27, 27, 27], [102, 45, 45, 45, 45]]
gbnd =[[0O, 90, 20, 0], [92, 110, 25, O ]]
nobj =3
gconp = ' HMBL11'
title ="'IDL: H nmrelblau 11
report = 'hnbl 11.txt"'

X [78, 33, 27, 27, 27]

CONSTRAINED M N, x, xbnd, gbnd, nobj, gconp, inform $
REPORT = report, TITLE = title

g = HVBL11(x)

; Print mnimzed objective function for HVBL11 probl em

PRI NT, g[ nobj ]
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CONTINUE

The CONTINUE statement provides a convenient way to immediately start the next
iteration of the enclosing FOR, WHILE, or REPEAT loop.

Note
Do not confuse the CONTINUE statement described here with the . CONTINUE
executive command. The two constructs are not related, and serve completely
different purposes.

Note
CONTINUE is not allowed within CASE or SWITCH statements. Thisisin
contrast with the C language, which does allow this.

For more information on using CONTINUE and other IDL program control
statements, see Chapter 12, “Program Control” in the Building IDL Applications
manual.

Syntax
CONTINUE

Examples

This example presents one way (not necessarily the best) to print the even numbers
between 1 and 10.

FOR 1 = 1,10 DO BEG N
If odd, start next iteration:
IF (I AND 1) THEN CONTI NUE
PRI NT, |
ENDFOR

Version History

Introduced: 5.4
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CONTOUR

The CONTOUR procedure draws a contour plot from data stored in a rectangular
array or from a set of unstructured points. Both line contours and filled contour plots
can be created. Note that outline and fill contours cannot be drawn at the same time.
To create a contour plot with both filled contours and outlines, first create the filled
contour plat, then add the outline contours by calling CONTOUR a second time with
the OVERPLOT keyword.

Contours can be smoothed by using the MIN_CURVE_SURF function on the
contour data before contouring.

Using various keywords, described below, it is possible to specify contour levels,
labeling, colors, line styles, and other options. CONTOUR draws contours by
searching for each contour line and then following the line until it reaches aboundary
or closes.

Smoothing Contours

The MIN_CURVE_SURF function can be used to smoothly interpolate both
regularly and irregularly sampled surfaces before contouring. This function replaces
the older SPLINE keyword to CONTOUR, which was inaccurate and is no longer
supported. MIN_CURVE_SURF interpolates the entire surface to arelatively fine
grid before drawing the contours.

Syntax

CONTOUR

CONTOUR, Z[, X, Y] [, C_ ANNOTATION=vector_of strings]

[, C_CHARSIZE=value] [, C_CHARTHICK=integer] [, C_COL ORS=vector]

[, C_LABELS=vector{each element O or 1}] [, C_LINESTYLE=vector] [{, /FILL |
,/CELL_FILL} |[, C_ORIENTATION=degrees] [, C_SPACING=value]]

[, C_THICK=vector] [, /CLOSED] [, /DOWNHILL] [, /FOLLOW]

[, IRREGULAR] [, /ISOTROPIC] [, LEVEL S=vector] [, NLEVEL S=integer{ 1 to
60}] [, MAX_VALUE=valug] [, MIN_VALUE=value] [, /OVERPLOT]
[{,/PATH_DATA_COORDS, PATH_FILENAME=string, PATH_INFO=variable,
PATH_XY=variable} |, TRIANGULATION=variable] [, /PATH_DOUBLE]

[,/ XLOG] [, /YLOG] [, ZAXIS={0|1|2]|3]|4}]

Graphics Keywords: Accepts all graphics keywords accepted by PLOT except for:
LINESTYLE, PSYM, SYMSIZE. See“ Graphics Keywords Accepted” on page 302.
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Arguments
Z

A one- or two-dimensional array containing the values that make up the contour
surface. If arguments X and Y are provided, the contour is plotted as afunction of the
(X, Y) locations specified by their contents. Otherwise, the contour is generated as a
function of the two-dimensional array index of each element of Z.

If the IRREGULAR keyword isset, X, Y, Z aredl required, and are treated as
vectors. Each point has avalue of Z[i] and alocation of (X[i], Y[i]).

This argument is converted to double-precision floating-point before plotting. Plots
created with CONTOUR are limited to the range and precision of double-precision
floating-point val ues.

A vector or two-dimensional array specifying the X coordinates for the contour
surface. If Xisavector, each element of X specifiesthe X coordinate for a column of
Z (e.g., X[Q] specifiesthe X coordinate for Z[0,*]). If X isatwo-dimensional array,
each element of X specifiesthe X coordinate of the corresponding pointinZ (i.e., X;
specifies the X coordinate for Z;).

A vector or two-dimensional array specifying the Y coordinates for the contour
surface. If Y avector, each element of Y specifiesthe Y coordinate for arow of Z
(e.g., Y[OQ] specifiesthe Y coordinate for Z[*,0]). If Yisatwo-dimensional array,
each element of Y specifiesthe Y coordinate of the corresponding point in Z (Y;;
specifiesthe Y coordinate for Z;).

Keywords

C_ANNOTATION

The label to be drawn on each contour. Usually, contours are labeled with their value.
This parameter, a vector of strings, allows any text to be specified. Thefirst label is
used for the first contour drawn, and so forth. If the LEVELS keyword is specified,
the elements of C_ANNOTATION correspond directly to the levels specified,
otherwise, they correspond to the default levels chosen by the CONTOUR procedure.
If there are more contour levels than elementsin C_ANNOTATION, the remaining
levels are labeled with their values.
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Use of this keyword implies use of the FOLLOW keyword.

Note
This keyword has no effect if the FILL or CELL_FILL keywordisset (i.e., if the
contours are drawn with solid-filled or line-filled polygons).

Example

To produce a contour plot with three levelslabeled “low”, “medium”, and “high”:

CONTOUR, Z, LEVELS = [0.0, 0.5, 1.0], $
C_ANNOTATION = ['low , 'medium, 'high']

C_CHARSIZE

The size of the characters used to annotate contour labels. Normally, contour labels
are drawn at 3/4 of the size used for the axis |abels (specified by the CHARSIZE
keyword or 'PCHARSIZE system variable. This keyword allows the contour 1abel
size to be specified directly. Use of this keyword implies use of the FOLLOW
keyword.

C_CHARTHICK

The thickness of the characters used to annotate contour labels. Set this keyword
equal to an integer value specifying the line thickness of the vector drawn font
characters. Thiskeyword has no effect when used with the hardware drawn fonts. The
default value is 1. Use of this keyword implies use of the FOLLOW keyword.

C_COLORS

The color index used to draw each contour. This parameter is a vector, converted to
integer type if necessary. If there are more contour levels than elementsin
C_COLORS, the elements of the color vector are cyclically repeated.

Example

If C_COLORS contains three elements, and there are seven contour levelsto be
drawn, the colors ¢y, ¢4, Cy, Cq, Cq, Cy, Co Will be used for the seven levels. To call
CONTOUR and set the colors to [100,150,200], use the command:

CONTOUR, Z, C COLORS = [ 100, 150, 200]
C_LABELS

Specifies which contour levels should be labeled. By default, every other contour
level islabeled. C_LABELS alowsyou to override this default and explicitly specify
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the levelsto label. This parameter is avector, converted to integer type if necessary. If
the LEVELS keyword is specified, the elements of C_LABELS correspond directly
to the level s specified, otherwise, they correspond to the default level s chosen by the
CONTOUR procedure. Setting an element of the vector to zero causes that contour
label to not be labeled. A nonzero value forces labeling.

Use of this keyword implies use of the FOLLOW keyword.
Example

To produce a contour plot with four levels where all but the third level is labeled:

CONTOUR, Z, LEVELS = [0.0, 0.25, 0.75, 1.0], $
C LABELS = [1, 1, 0, 1]

C_LINESTYLE

Theline style used to draw each contour. Aswith C_COLORS, C LINESTYLE isa
vector of line styleindices. If there are more contour levels than line styles, the line
stylesare cyclically repeated. See“LINESTYLE” on page 3875 for alist of available
styles.

Note
The cell drawing contouring algorithm draws all the contours in each cell, rather
than following contours. Since an entire contour is not drawn as a single operation,
the appearance of the more complicated linestyles will suffer. Use of the contour
following method (sel ected with the FOLLOW keyword) will give better looking
resultsin such cases.

Example

To produce a contour plot, with the contour levels directly specified in avector V,
with all negative contours drawn with dotted lines, and with positive levelsin solid
lines:

CONTQUR, Z, LEVELS =V, C_LINESTYLE = (V LT 0.0)

C_ORIENTATION

If the FILL keyword is set, this keyword can be set to the angle, in degrees
counterclockwise from the horizontal, of the lines used to fill contours. If neither
C_ORIENTATION nor C_SPACING are specified, the contours are solid filled.
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C_SPACING

If the FILL keyword is set, this keyword can be used to control the distance, in
centimeters, between the lines used to fill the contours.

C_THICK

Theline used to draw each contour level. Aswith C_COLORS, C_THICK isavector
of line thickness values, although the values are floating point. If there are more
contours than thickness elements, elements are repeated. |f omitted, the overall line
thickness specified by the THICK keyword parameter or 'PTHICK isused for all
contours.

CELL_FILL

Set this keyword to produce afilled contour plot using a“cell filling” algorithm. Use
this keyword instead of FILL when you are drawing filled contours over a map, when
you have missing data, or when contours that extend off the edges of the contour plot.
CELL_FILL islessefficient than FILL because it makes one or more polygons for
each datacell. It aso gives poor results when used with patterned (line) fills, because
each cell isassigned its own pattern. Otherwise, this keyword operatesidentically to
the FILL keyword, described below.

Tip
In order for CONTOUR to fill the contours properly when using a map projection,
the X and Y arrays (if supplied) must be arranged in increasing order. This ensures
that the polygons generated will be in counterclockwise order, as required by the

mapping graphics pipeline.

Warning
Do not draw filled contours over the poles on Cylindrical map projections. In this
case, the polar points map to lines on the map, and the interpolation becomes
ambiguous, causing errorsin filling. One possible work-around is to limit the
latitudes to the range of -89.9 degrees to + 89.9 degrees, avoiding the poles.

CLOSED

CONTOUR

Set this keyword to a nonzero value to close contours that intersect the plot
boundaries. After a contour hits a boundary, it follows the plot boundary until it
connects with its other boundary intersection. Set CLOSED=0 along with
PATH_INFO and/or PATH_XY to return path information for contours that are not
closed.
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DOWNHILL

Set this keyword to label each contour with short, perpendicular tick marks that point
in the “downhill” direction, making the direction of the grade readily apparent. If this
keyword is set, the contour following method is used in drawing the contours.

FILL

Set this keyword to produce afilled contour plot. The contours are filled with solid or
line-filled polygons. For solid polygons, use the C_COLOR keyword to specify the
color index of the polygons for each contour level. For linefills, use
C_ORIENTATION, C_SPACING, C_COLOR, C_LINESTYLE, and/or C_THICK to
specify attributes for the lines.

If the current device is not a pen plotter, each polygon is erased to the background
color before thefill lines are drawn, to avoid superimposing one pattern over another.

Contours that are not closed can not be filled because their interior and exterior are
undefined. Contours created from data sets with missing data may not be closed,;
many map projections can aso produce contours that are not closed. Filled contours
should not be used in these cases.

Note
If the current graphics device is the Z-buffer, the algorithm used when the FILL
keyword is specified will not work when aZ valueis aso specified with the
graphics keyword ZVALUE. Inthis situation, usethe CELL_FILL keyword instead
of the FILL keyword.

FOLLOW

InIDL version 5, CONTOUR aways uses a line-following method. The FOLLOW
keyword remains avail able for compatibility with existing code, but is no longer
necessary. Asin previous versions of IDL, setting FOLLOW will cause CONTOUR
to draw contour labels.

IRREGULAR

Set this keyword to indicate that the input dataisirregularly gridded. Setting

IRREGULAR isthe same as performing an explicit triangulation. That is:
CONTOUR, Z, X, Y, /1RREGULAR

isthe same as

TRI ANGULATE, X, Y, tri ; Get triangul ation
CONTOUR, Z, X, Y, TRI ANGULATI ON=tri
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ISOTROPIC

Set this keyword to force the scaling of the X and Y axes to be equal.

Note
The X and Y axeswill be scaled isotropically and then fit within the rectangle
defined by the POSITION keyword; one of the axes may be shortened. See
“POSITION” on page 3877 for more information.

LEVELS

Specifies a vector containing the contour levels drawn by the CONTOUR procedure.
A contour isdrawn at each level in LEVELS.

Example

To draw a contour plot with levelsat 1, 100, 1000, and 10000:
CONTOUR, Z, LEVELS = [1, 100, 1000, 10000]

To draw a contour plot with levels at 50, 60, ..., 90, 100:
CONTOUR, Z, LEVELS = FINDGEN(6) * 10 + 50

MAX_VALUE

Data points with values above this value are ignored (i.e., treated as missing data)
when contouring. Cells containing one or more corners with values above
MAX_VALUE will have no contours drawn through them. Note that the |IEEE
floating-point value NaN is aso treated as missing data. (See “ Specia Floating-Point
Values’ in Chapter 18 of the Building IDL Applications manual for more information
on |EEE floating-point values.)

MIN_VALUE

Data points with values less than this value are ignored (i.e., treated as missing data)
when contouring. Cells containing one or more corners with values below
MIN_VALUE will have no contours drawn through them. Note that the IEEE
floating-point value NaN is also treated as missing data. (See“ Specia Floating-Point
Values’ in Chapter 18 of the Building IDL Applications manual for more information
on |EEE floating-point values.)

NLEVELS

The number of equally spaced contour levelsthat are produced by CONTOUR. If the
LEVELS parameter, which explicitly specifiesthe value of the contour levels, is
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present, this keyword has no effect. If neither parameter is present, approximately six
levels are drawn. NLEVEL S should be a positive integer.

OVERPLOT

Set this keyword to make CONTOUR “overplot”. That is, the current graphics screen
is not erased, no axes are drawn and the previously established scaling remainsin
effect. You must explicitly specify either the values of the contour levels or the
number of levels (viathe NLEVELS keyword) when using this option, unless
geographic mapping coordinates are in effect.

PATH_DATA_COORDS

Set this keyword to cause the output contour positions to be measured in data units
rather than the default normalized units. Thiskeyword is useful only if the PATH_XY
or PATH_FILENAME keywords are set.

PATH_DOUBLE

Set this keyword to indicate that the PATH_FILENAME, PATH_INFO, and
PATH_XY keywords should return vertex and contour value information as double-
precision floating-point values. The default is to return this information as single-
precision floating-point val ues.

PATH_FILENAME

Specifies the name of afile to contain the contour positions. If PATH_FILENAME is
present, CONTOUR does not draw the contours, but rather, opens the specified file
and writes the coordinates of the contours, into it. The file consists of a series of
logical records containing binary data. Each record is preceded with a header
structure defining the contour as follows:

If the PATH_DOUBLE keyword is not set:
{ CONTOUR_HEADER, TYPE: 0B, HI GH: 0B, LEVEL:0, NUM OL, VALUE: 0. 0}
If the PATH_DOUBLE keyword is set:

{ CONTOUR DBL_HEADER, TYPE: 0B, H GH: 0B, LEVEL:0, NUM OL,
VALUE: 0. 0D}
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Thefields are:
Field Description

TYPE A bytethat is zero if the contour is open, and oneif it is
closed.

HIGH A bytethat is 1if the contour is closed and above its
surroundings, and is 0 if the contour is below. Thisfieldis
meaninglessif the contour is not closed.

LEVEL A short integer with value greater or equal to zero (Itisan
index into the LEVELS array).

NUM The longword number of data pointsin the contour.

VALUE The contour value. If the PATH_DOUBLE keyword is not
set, thisis a single-precision floating-point value; if the
PATH_DOUBLE keyword is set, thisis a double-precision
floating-point value.

Table 8: CONTOUR Fields

Following the header in each record are NUM X-coordinate values followed by NUM
Y-coordinate values. By default, these values are specified in normalized coordinates
unless the PATH_DATA_COORDS keyword is set.

PATH_INFO

CONTOUR

Set this keyword to a named variable that will return path information for the
contours. Thisinformation can be used, along with data stored in a variable named by
the PATH_XY keyword, to trace closed contours. To get PATH_INFO and PATH_XY
with contours that are not closed, set the CLOSED keyword to O. If PATH_INFO is
present, CONTOUR does not draw the contours, but rather records the path
information in an array of structures of the following type:

If the PATH_DOUBLE keyword is not set:

{ CONTOUR_PATH_STRUCTURE, TYPE: 0B, H GH LON 0B, $
LEVEL: O, N:OL, OFFSET:OL, VALUE:O. 0}

If the PATH_DOUBLE keyword is set:

{ COUNTOUR_DBL_PATH_STRUCTURE, TYPE: 0B, H GH LOW 0B, LEVEL:O,
N: OL, OFFSET:OL, VALUE:O0. 0D}
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Field

Description

TYPE

A bytethat is zero if the contour is open, and oneif it is
closed.

Note - If the CLOSE keyword is not explicitly set equal to
zero, al contours will be closed.

HIGH_LOW

A bytethat is 1if the contour isaboveits surroundings, and
isOif the contour is below.

LEVEL

A short integer indicating the index of the contour level,
from zero to the number of levels minus one.

A long integer indicating the number of XY pairsin the
contour’s path.

OFFSET

A long integer that is the offset into the array defined by
PATH_XY, representing the first XY coordinate for this
contour.

VALUE

The contour value. If the PATH_DOUBLE keyword is not
set, thisis asingle-precision floating-point value; if the
PATH_DOUBLE keyword is set, thisis a double-precision
floating-point value.

Table 9: PATH_INFO Fields

See the examples section below for an example using the PATH_INFO and
PATH_XY keywords to return contour path information.

PATH_XY

Set this keyword to a named variable that returns the coordinates of a set of closed

polygons defining the closed paths of the contours. This information can be used,
along with data stored in a variable named by the PATH_INFO keyword, to trace

closed contours. To get PATH_XY and PATH_INFO with contours that are not
closed, set the CLOSED keyword to 0. If PATH_XY is present, CONTOUR does not
draw the contours, but rather records the path coordinates in the named array. If the
PATH_DOUBLE keyword is not set, the array will contain single-precision floating
point values; if the PATH_DOUBLE keyword is set, the array will contain double-

precision floating point values. By default, the values in the array are specified in

normalized coordinates unless the PATH_DATA_COORDS keyword is set.
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See the examples section below for an example using the PATH_INFO and
PATH_XY keywords to return contour path information.

TRIANGULATION

Set this keyword to avariable that contains an array of triangles returned from the
TRIANGULATE procedure. Providing triangulation data allows you to contour
irregularly gridded data directly, without gridding.

XLOG

Set this keyword to specify alogarithmic X axis.
YLOG

Set this keyword to specify alogarithmic Y axis.
ZAXIS

Set this keyword to an integer value to draw a Z axis for the CONTOUR plot.
CONTOUR draws no Z axis by default. This keyword is of use only if athree-
dimensional transformation is established. Possible values are:

e 1-DrawsZ axisfrom the lower right-hand corner of the plot
e 2- DrawsZ axisfrom the lower left-hand corner of the plot
e 3- DrawsZ axisfrom the upper left-hand corner of the plot

e 4 -DrawsZ axisfrom the upper right-hand corner of the plot
Graphics Keywords Accepted

See Appendix B, “Graphics Keywords’ for the description of graphics and plotting
keywords not listed above.

BACKGROUND, CHARSIZE, CHARTHICK, CLIP, COLOR, DATA, DEVICE,
FONT, NOCLIP, NODATA, NOERASE, NORMAL, POSITION, SUBTITLE, T3D,
THICK, TICKLEN, TITLE, [XYZ]CHARSIZE, [XYZ]GRIDSTYLE,
[XYZ]MARGIN, [XYZ]MINOR, [XYZ]RANGE, [XYZ]STYLE, [XYZ]THICK,
[XYZ]TICKFORMAT, [XYZ]TICKINTERVAL, [XYZ]TICKLAYOUT,
[XYZ]TICKLEN, [XYZ]TICKNAME, [XYZ]TICKS, [XYZ]TICKUNITS,
[XYZ]TICKV, [XYZ]TICK_GET, [XYZ]TITLE, ZVALUE.
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Examples

Example 1

This exampl e creates a contour plot with 10 contour levelswhere every other contour
islabeled:

;Create a sinple dataset to plot:
Z = DI ST(100)

;Draw the plot:
CONTOUR, Z, NLEVELS=10, /FOLLOW TITLE="Sinple Contour Plot’

Example 2

This example shows the use of polygon filling and smoothing.

; Handl e TrueCol or di spl ays:
DEVI CE, DECOMPOSED=0

;Create a surface to contour (2D array of random nunbers):
A = RANDOMJ seed, 5, 6)

; Smoot h t he dataset before contouring:
B = M N_CURVE_SURF( A)

; Load discrete colors for contours:
TEK_COLOR

:Draw filled contours:
CONTOUR, B, /FILL, NLEVELS=5, C COLOR=I NDGEN(5) +2

;Overplot the contour lines with ticknarks:
CONTOUR, B, NLEVELS=5, /DOMHI LL, /OVERPLOT

Alternatively, we could draw line-filled contours by replacing the last two commands
with:

CONTOUR, B, C_ORI ENTATI ON=[0, 22, 45]
CONTOUR, B, /OVERPLOT, NLEVELS=5

Example 3

The following example saves the closed path information of a set of contours and
plots the result:
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Create a 2D array of random numbers:
A = RANDOMJ seed, 8, 10)

Snoot h the dataset before contouring:
B = M N_CURVE_SURF( A)

Conput e cont our pat hs:
CONTOUR, B, PATH XY=xy, PATH | NFO=info
FOR | = 0, (N ELEMENTS(info) - 1) DO BEG N
S = [INDGEN(i nfo(l).N), 0]

Pl ot the cl osed pat hs:
PLOTS, xy(*,INFQ(I).OFFSET + S ), /NORM
ENDFCOR

Example 4

This example contours irregularly-gridded data without having to call TRIGRID.
First, use the TRIANGULATE procedure to get the Delaunay triangulation of your
data, then pass the triangulation array to CONTOUR:

; Make 50 normal X, Y points:

RANDOWN( seed, 50)
RANDOWN( seed, 50)

X
y
: Make the Gaussi an:

Z = EXP(-(x"2 + y"2))

; Get triangul ation:
TRI ANGULATE, X, Y, tri

:Draw the contours:
CONTOUR, Z, X, Y, TRIANGULATION = tri

Version History
Introduced: Original
See Also

ICONTOUR, IMAGE_CONT, SHADE_SURF, SHOW3, SURFACE
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CONVERT_COORD

The CONVERT_COORD function transforms one or more sets of coordinates to and
from the coordinate systems supported by IDL.

The input coordinates X and, optionally, Y and/or Z can be given in data, device, or
normalized form by using the DATA, DEVICE, or NORMAL keywords. The default
input coordinate system is DATA. The keywords TO_DATA, TO_DEVICE, and
TO_NORMAL specify the output coordinate system.

If the input points are in 3D data coordinates, be sure to set the T3D keyword.

Warning
For devices that support windows, CONVERT_COORD can only provide valid

resultsif awindow is open and current. Also, CONVERT_COORD only appliesto
Direct Graphics devices.

Syntax

Result = CONVERT_COORD( X[, Y[, Z]] [, /DATA |, /DEVICE |, INORMAL]
[,/DOUBLE][,/T3D] [, /TO_DATA |,/TO _DEVICE|,/TO_NORMAL])

Return Value

Theresult of the function isa(3, n) vector containing the (X, y, ) components of the n
output coordinates.

Arguments
X

A vector or scalar argument providing the X components of the input coordinates. If
only one argument is specified, X must be an array of either two or three vectors (i.e,,
(2,*) or(3,*)).Inthisspecial case, X[ 0, *] aretakenasthe X values, X[ 1, *] are
taken asthe Y values, and, if present, X[ 2, *] aretaken asthe Z values.

Y

An optional argument providing the Y input coordinate(s).
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Z

An optional argument providing the Z input coordinate(s).
Keywords
DATA

Set this keyword if the input coordinates are in data space (the default).
DEVICE

Set this keyword if the input coordinates are in device space.
DOUBLE

Set this keyword to indicate that the returned coordinates should be double-precision.
If this keyword is not set, the default isto return single-precision coordinates (unless
double-precision arguments are input, in which case the returned coordinates will be
double-precision).

NORMAL

Set this keyword if the input coordinates are in normalized space.
T3D

Set this keyword if the 3D transformation !PT is to be applied.
TO_DATA

Set this keyword if the output coordinates are to be in data space.
TO_DEVICE

Set this keyword if the output coordinates are to be in device space.
TO_NORMAL

Set this keyword if the output coordinates are to be in normalized space.
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Examples

Convert, using the currently established viewing transformation, 11 points along the
parametric linex = t, y = 2t, z=t, along the interval [0, 1] from data coordinates to

device coordinates:

Establish a valid transformation nmatri x:
SURFACE, DI ST(20), /SAVE

Make a vector of X val ues:
X = FINDGEN( 11)/10.

Convert the coordinates. Dwll be a (3,11) elenment array:
D = CONVERT_COORD( X, 2*X, X~2, [/T3D, /TO_DEVI CE)

Version History
Introduced: Pre 4.0

See Also

CV_COORD
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CONVOL

The CONVOL function convolves an array with akernel, and returns the result.
Convolution is ageneral process that can be used for various types of smoothing,
signal processing, shifting, differentiation, edge detection, etc. The CENTER
keyword controls the alignment of the kernel with the array and the ordering of the
kernel elements. If CENTER is explicitly set to O, convolution is performed in the
strict mathematical sense, otherwise the kernel is centered over each data point.

Using CONVOL

Assume R = CONVOL(A, K, S), where A is an n-element vector, K is an m-element
vector (m< n), and Sisthe scale factor. If the CENTER keyword is omitted or set to 1:

lm-1 ]
R = éZi:oAHi—m/ZKi if m/2<t<n-m/2

0 otherwise

where the value /2 is determined by integer division. This means that the result of
the division is the largest integer value less than or equal to the fractional number.

If CENTER isexplicitly set to O:
Igm-1p k if t>m-1
R, = SZi =0 t=ivi -
0 otherwise

In the two-dimensional, zero CENTER case where A is an m by n-element array, and
Kisthel by | element kernel; the result Risan m by n-element array:

ll-1 -1 .
Rt _ ézl:o J:OAt_|,u_]K|,J |f tZl—l and UZ|—1

0 otherwise
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The centered case is similar, except the t-i and u-j subscripts are replaced by t+i-1/2
and u+j-1/2.

Syntax

Result = CONVOL ( Array, Kernel [, Scale Factor] [, /CENTER] [, /EDGE_WRAP]
[, /EDGE_TRUNCATE] [, MISSING=value] [, /NAN] )

Return Value
Returns the result of the array convolution.
Arguments

Array

An array of any basic type except string. The result of CONVOL has the same type
and dimensions as Array.

If the Array parameter is of byte type, the result is clipped to the range of 0 to 255.
Negative results are set to 0, and values greater than 255 are set to 255.

Kernel

An array of any type except string. If the type of Kernel is not the same as Array, a
copy of Kernel is made and converted to the appropriate type before use. The size of
the kernel dimensions must be smaller than those of Array.

Note
CONVOL accepts non-square kernels including one-dimensional kernels.

Scale Factor
A scale factor that is divided into each resulting value. This argument allows the use
of fractional kernel values and avoids overflow with byte or integer arguments. If
omitted, a scale factor of 1 isused.
Keywords

CENTER

Set or omit this keyword to center the kernel over each array point. If CENTER is
explicitly set to zero, the CONVOL function works in the conventional mathematical
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sense. In many signal and image processing applications, it is useful to center a
symmetric kernel over the data, thereby aligning the result with the original array.

Note that for the kernel to be centered, it must be symmetric about the point
K(FLOOR(m/2)), where misthe number of elementsin the kernel.

EDGE_WRAP

Set this keyword to make CONVOL compute the values of elements at the edge of
Array by “wrapping” the subscripts of Array at the edge. For example, if CENTER is
set to zero:

|1, «m-1
Ry = {5[2 = 0 Act=hmod(nKi]

where nisthe number of elementsin Array. The mod operator in the formulaaboveis
definedasa nod b = a - b * floor(a/b).Forexample -1 mod5is4. If
neither EDGE_ WRAP nor EDGE_TRUNCATE is set, CONVOL sets the values of
elements at the edges of Array to zero.

EDGE_TRUNCATE

Set this keyword to make CONVOL compute the values of elements at the edge of
Array by repeating the subscripts of Array at the edge. For example, if CENTER is
Set to zero:

_ J1gm
R, = {Szi:OA((t—i)>0<(n—1))Ki

where nisthe number of elementsin Array. The*“<” and “>" operatorsin the above
formulareturn the smaller and larger of their operands, respectively. If neither
EDGE_WRAP nor EDGE_TRUNCATE is set, CONVOL setsthe values of elements
at the edges of Array to zero.

MISSING

Set this keyword to the numeric value to return for elements that contain no valid
points within the kernel. The default isthe IEEE floating-point value NaN. This
keyword isonly used if the NAN keyword is set.
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NAN

Set this keyword to cause the routine to check for occurrences of the | EEE floating-
point value NaN in theinput data. (See* Special Floating-Point Values’ in Chapter 18
of the Building IDL Applications manual for more information on 1EEE floating-
point values.) Elements with the value NaN are treated as missing data, and are
ignored when computing the convolution for neighboring elements. In the Result,
missing elements are replaced by the convolution of all other valid points within the
kernel. If al points within the kernel are missing, then the result at that point is given
by the MISSING keyword.

Note
CONVOL should never be called without the NAN keyword if the input array may

possibly contain NaN values.

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for a given computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by !CPU for asingle invocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.

Examples
Convolve avector of random noise and a one-dimensional triangular kernel and plot
the result. Create a simple vector as the original dataset and plot it by entering:
A = RANDOMN( SEED, 100) & PLOT, A
Create asimple kernel by entering:
K=1[1, 2, 3, 2, 1]
Convolve the two and overplot the result by entering:
OPLOT, CONVOL(A, K, TOTAL(K))

Version History

Introduced: Original
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See Also

BLK_CON
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COORD2TO3

The COORD2TO3 function converts normalized X and Y screen coordinates to 3D
data coordinates.

Note
A valid 3D transform must exist in !PT or be specified by the PTI keyword. The
axis scaling variables, IX.S, 'Y.Sand ! Z.S must be valid.

Thisroutineiswritten in the IDL language. Its source code can be found in thefile
coord2t 03. pro inthel i b subdirectory of the IDL distribution.

Syntax
Result = COORD2TO3( Mx, My, Dim, DO [, PTI] )
Return Value

Returns a three-element vector containing 3D data coordinates given the normalized
X and Y screen coordinates and one of the three data coordinates.

Arguments

Mx, My
The normalized X and Y screen coordinates.
Dim
A parameter used to specify which data coordinateis fixed. Use O for afixed X data
coordinate, 1 for afixed Y data coordinate, or 2 for afixed Z data coordinate.
DO
The value of the fixed data coordinate.
PTI

Theinverse of !P.T. If this parameter is not supplied, or set to 0, COORD2TO3
computes the inverse. If thisroutine isto be used in aloop, the caller should supply
PTI for highest efficiency.
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Keywords
None.
Examples

To return the data coordinates of the mouse, fixing the data Z value at 10, enter the
commands:

;Make sure a transformation nmatri x exists.
CREATE_VI EW

;Get the nornalized nouse coords.
CURSOR, X, Y, /NORM

;Print the 3D coordi nates.
PRI NT, COORD2TQ3(X, Y, 2, 10.0)

See Also

CONVERT_COORD, CREATE_VIEW, CV_COORD, SCALE3, T3D
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COPY_LUN

The COPY_LUN procedure copies data between two open files. It allows you to
transfer aknown amount of data from one file to another without needing to have the
dataavailablein an IDL variable. COPY_LUN can copy a fixed amount of data,
specified in bytes or lines of text, or it can copy from the current position of the file
pointer in the input file to the end of that file.

COPY _LUN copies data between open files. To copy entire files based on their
names, seethe FILE_COPY procedure. To read and discard a known amount of data
from afile, seethe SKIP_LUN.

Syntax

COPY_LUN, FromUnit, ToUnit [, Num] [, /EOF] [, /LINES]
[, ITRANSFER_COUNT]

Arguments

FromUnit

An integer that specifies the file unit for the file from which datais to be taken (the
sourcefile). Datais copied from FromUnit, starting at the current position of thefile
pointer. The file pointer is advanced as datais read. The file specified by FromUnit
must be open, and must not have been opened with the RAWIO keyword to OPEN.

ToUnit

An integer that specifies the file unit for the file to which datais to be written (the
destination file). Datais written to ToUnit, starting at the current position of thefile
pointer. The file pointer is advanced as datais written. The file specified by ToUnit
must be open for output (OPENW or OPENU), and must not have been opened with
the RAWIO keyword to OPEN.

Num

The amount of data to transfer between the two files. Thisvalue is specified in bytes,
unless the LINES keyword is specified, in which case it is taken to be the number of
text lines. If Numis not specified, COPY_LUN acts asif the EOF keyword has been
set, and copies all datain FromUnit (the source file) from the current position of the
file pointer to the end of thefile.
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If Num s specified and the source file comesto end of file before the specified
amount of datais transferred, COPY_LUN issues an end-of-file error. The EOF
keyword aters this behavior.

Keywords

EOF

Set this keyword to ignore the value given by Num (if present) and instead transfer all
data between the current position of the file pointer in FromUnit and the end of the
file.

Note
If EOF is set, no end-of-file error isissued even if the amount of data transferred
does not match the amount specified by Num. The TRANSFER_COUNT keyword
can be used with EOF to determine how much data was transferred.

LINES

Set this keyword to indicate that the Num argument specifies the number of lines of
text to be transferred. By default, the Num argument specifies the number of bytes of
datato transfer.

TRANSFER_COUNT

Set this keyword equal to anamed variable that will contain the amount of data
transferred. If LINES s specified, this valueis the number of lines of text. Otherwise,
it isthe number of bytes. TRANSFER_COUNT is primarily useful when the Num
argument is not specified or the EOF keyword is present. If Numis specified and the
EOF keyword is not present, TRANSFER_COUNT will be the same as the value
specified for Num.

Examples

Copy the next 100000 bytes of data between two files:
COPY_LUN, Frombnit, ToUnit, 100000

Copy the next 8 lines of text between two files:
COPY_LUN, Fromunit, ToUnit, 8, /LINES

Copy the remainder of the datain one file to another, and use the
TRANSFER_COUNT keyword to determine how much data was copied:
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COPY_LUN, FronmUnit, ToUnit, /ECF, TRANSFER_COUNT=n

Copy the remaining lines of text from one file to another, and use the
TRANSFER_COUNT keyword to determine how many lines were transferred.

COPY_LUN, FronUnit, ToUnit, /EOF, /LINES, TRANSFER _COUNT=n
Version History
Introduced: 5.6
See Also

CLOSE, EOF, FILE_COPY, FILE_LINK, FILE_MOVE, OPEN, READ/READF,
SKIP_LUN, WRITEU
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CORRELATE

The CORRELATE function computes the linear Pearson correlation coefficient of
two vectors or the correlation matrix of an mx n array. Alternatively, this function
computes the covariance of two vectors or the covariance matrix of an mx n array.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
correl ate. prointhel i b subdirectory of the IDL distribution.

Syntax
Result = CORRELATE( X[, Y] [, /COVARIANCE] [, /DOUBLE] )
Return Value

If vectors of unequal lengths are specified, the longer vector is truncated to the length
of the shorter vector and a single correlation coefficient is returned. If an mx n array
is specified, the result will be an mx marray of linear Pearson correlation
coefficients, with the element i,j corresponding to correlation of the ith and jth
columns of the input array.

Arguments

X

A vector or an mx n array. X can be integer, single-, or double-precision floating-
point.

Y

Aninteger, single-, or double-precision floating-point vector. If Xisanmx narray, Y
should not be supplied.

Keywords

COVARIANCE

Set this keyword to compute the sample covariance rather than the correlation
coefficient.
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DOUBLE
Set this keyword to force the computation to be done in double-precision arithmetic.
Examples

Define the data vectors.

X
Y

[65, 63, 67, 64, 68, 62, 70, 66, 68, 67, 69, 71]
[68, 66, 68, 65, 69, 66, 68, 65, 71, 67, 68, 70]

Compute the linear Pearson correlation coefficient of x and y. The result should be
0.702652:

PRI NT, CORRELATE(X, V)
IDL prints:
0. 702652
Compute the covariance of x and y. The result should be 3.66667.
PRI NT, CORRELATE(X, Y, / COVARI ANCE)
IDL prints:
3. 66667
Define an array with x and y asits columns.
A = TRANSPGSE([[X].,[Y]])
Compute the correlation matrix.
PRI NT, CORRELATE( A)
IDL prints:
1. 00000 0. 702652
0.702652  1.00000

Version History
Introduced: Pre 4.0
See Also

A_CORRELATE, C_CORRELATE, M_CORRELATE, P_CORRELATE,
R_CORRELATE

IDL Reference Guide CORRELATE



320

COS

COSs

The periodic function COS returns the trigonometric cosine of X.

Syntax

Result = COS(X)

Return Value

Returns the trigonometric cosine of X.

Arguments

The angle for which the cosine is desired, specified in radians. If X is double-
precision floating or complex, the result is of the same type. All other types are
converted to single-precision floating-point and yield floating-point results. When
applied to complex numbers:

COS(x) = (EXP(I*x) + EXP(-1*x))/2
where | is defined as COMPLEX(O, 1).

If Xisan array, the result has the same structure, with each element containing the
cosine of the corresponding element of X.

Keywords

Thread Pool Keywords

This routine is written to make use of IDL's thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for agiven computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by !CPU for asingleinvocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.
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Examples

Find the cosine of 0.5 radians and print the result by entering:
PRI NT, COS(. 5)

IDL prints:
0.877583

Version History
Introduced: Original
See Also

ACOS, COSH
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COSH

The COSH function returns the hyperbolic cosine of X.
Syntax
Result = COSH(X)
Return Value
Returns the hyperbolic cosine of X.
Arguments
X

The value for which the hyperbolic cosineis desired, specified in radians. If Xis
double-precision floating or complex, the result is of the same type. All other types
are converted to single-precision floating-point and yield floating-point results.
COSH isdefined as:

COSH(u) = (e"+€e' /2
If Xisan array, the result has the same structure, with each element containing the
hyperbolic cosine of the corresponding element of X.

Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for a given computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by 'CPU for asingle invocation of this routine. See Appendix C, “ Thread Pool
Keywords’ for details.

Examples

Find the hyperbolic cosine of 0.5 radians and print the result by entering:
PRI NT, COSH(. 5)
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IDL prints:
1.12763

Version History
Introduced: Original
See Also

ACQS, COS
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CPU

The CPU procedure is used to change the values stored in the read-only !CPU system
variable, which in turn controls the way IDL uses the system processor or processors.

Note
Not al routines are affected by changes to the | CPU system variable. Those
routines that are affected can override some of the valuesin the |CPU system
variable by setting thread pool keywords, which change the way IDL usesthe
system processor(s) during a single invocation of the routine. A list of thread pool
keywords appears at the end of the keywords list for each routine that is affected by
the state of the |CPU system variable.

Syntax

CPU [ TPOOL_MAX_ELTS = NumMaxElts] [, TPOOL_MIN_ELTS = NumMinElts]
[, TPOOL_NTHREADS = NuniThreads] [/VECTOR_ENABLE]

Arguments
None.
Keywords

TPOOL_MAX_ELTS

This keyword changes the value returned by 'CPU.TPOOL_MAX_ELTS.

Set this keyword to a non-zero value to set the maximum number of data elements
involved in a computation that uses the thread pool. If the number of elementsin the
computation exceeds the number contained in |CPU.TPOOL_MAX_ELTS, IDL will
not use the thread pool for the computation. Setting this value to 0 removes any limit
on maximum number of elements, and any computation with at least
ICPU.TPOOL_MIN_ELTSwill use the thread pool.

See “Possible Drawbacks to the Use of the IDL Thread Pool” in Chapter 14 of the
Building IDL Applications manual for discussion of the circumstances under which it
may be useful to specify a maximum number of elements for computations that use
the thread pool.
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TPOOL_MIN_ELTS
This keyword changes the value returned by 'CPU.TPOOL_MIN_ELTS.

Set this keyword to a non-zero value to set the minimum number of data elements
involved in a computation that uses the thread pool. If the number of elementsin the
computation is less than the number contained in ICPU.TPOOL_MIN_ELTS, IDL
will not use the thread pool for the computation. Use this keyword to prevent IDL
from using the thread pool on tasks that are too small to benefit from it.

See “Possible Drawbacks to the Use of the IDL Thread Pool” in Chapter 14 of the
Building IDL Applications manual for discussion of the circumstances under which it
may be useful to specify a minimum number of elements for computations that use
the thread pool.

TPOOL_NTHREADS

This keyword changes the value returned by | CPU. TPOOL.NTHREADS.

Set this keyword to the number of threads IDL should use when performing
computations that take advantage of the thread pool. By default, IDL will use
ICPU.HW_NCPU threads, so that each thread will have the potential to runin
parallel with the others. Set this keyword equal to O (zero) to ensure that
ICPU.HW_NCPU threads will be used. Set this keyword equal to 1 (one) to disable
use of the thread pool.

Note
For numerical computation, there is no benefit to using more threads than your
system has CPUs. However, depending on the size of the problem and the number
of other programs running on the system, there may be a performance advantage to
using fewer CPUs. See “Possible Drawbacks to the Use of the IDL Thread Pool” in
Chapter 14 of the Building IDL Applications manual for a discussion of the
circumstances under which using fewer than the maximum number of CPUs makes
sense.

VECTOR_ENABLE

This keyword changes the value returned by 'CPU.VECTOR_ENABLE.

Set this keyword to enable use of the system’s vector unit (e.g. Macintosh
Altivec/Velocity Engine) if oneis present. Set this keyword equal to O (zero)
explicitly disable such use. This keyword isignored if the current system does not
support avector unit (that is, if 'CPU.HW_VECTOR =0).
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Examples

Configure ! CPU so that by default, IDL will use two threads for computations that
involve more than 5000 data val ues.

CPU, TPOOL_M N_ELTS=5000, TPOCOL_NTHREADS=2
Version History
Introduced: 5.5
See Also

ICPU, Chapter 14, “Multithreading in IDL” in the Building IDL Applications manual.
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CRAMER

The CRAMER function solves an n by n linear system of equations using Cramer’s
rule.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
cramer. pro inthel i b subdirectory of the IDL distribution.

Syntax

Result = CRAMER( A, B[, /DOUBLE] [, ZERO=value] )
Return Value

Returns the solution of an n by n linear system of eguations using Cramer’srule.
Arguments

A
Ann by nsingle- or double-precision floating-point array.
B

An n-element single- or double-precision floating-point vector.
Keywords
DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.
ZERO

Use this keyword to set the value of the floating-point zero. A floating-point zero on
the main diagonal of atriangular array resultsin a zero determinant. A zero
determinant resultsin a“ Singular matrix” error and stops the execution of CRAMER.
For single-precision inputs, the default valueis 1.0 x 10°. For double-precision
inputs, the default valueis 1.0 x 10712,
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Examples

Define an array A and right-hand side vector B.

A=[[ 2.0, 1.0, 1.0], $
[ 4.0, -6.0, 0.0], $
[-2.0, 7.0, 2.0]]

B =1[3.0, 10.0, -5.0]

; Comput e the solution and print.
PRI NT, CRAMER(A, B)

IDL prints:
1. 00000 -1. 00000 2.00000

Version History
Introduced: Pre 4.0

See Also

CHOLSOL, GS ITER, LU_COMPLEX, LUSOL, SVSOL, TRISOL

CRAMER
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CREATE_STRUCT

The CREATE_STRUCT function creates a structure given pairs of tag names and
values. CREATE_STRUCT can also be used to concatenate structures.

Syntax

Result = CREATE_STRUCT( [Tagy, Values,, ..., Tag,, Values,] [, Structures,]
[, NAME=string])

or

Result = CREATE_STRUCT( [Tags, Values, ..., Values,] [, Sructures,]
[, NAME=string])

Return Value

Returns a structure composed of given pairs of tag names and values.

Arguments
Tags

The structure tag names. Tag names may be specified either as scalar strings or a
single string array. If scalar strings are specified, values alternate with the tag names.
If astring array is provided, values must still be specified individually. Tag names
must be enclosed in quotes. Tag names may not be IDL Reserved Words, and must be

unique within agiven structure, although the same tag name can be used in more than
one structure.

Note
If atag name contains spaces, CREATE_STRUCT will replace the spaces with

underscores. For example, if you specify atag nameof ' my tag', thetag will be
created with thename' ny_t ag' .
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Values

The values for the structure fields. The number of Values arguments must match the
number of Tags arguments (if tags are specified as scalar strings) or the number of
elements of the Tags array (if tags are specified asasingle array.)

Structures

One or more existing structure variables whose tags and values will be inserted into
the new structure. When concatenating structures in this manner, the following rules
apply:

¢ All tag names, whether specified viathe Tags argument or in an existing
structure variable, must be unique.

« Names of named structuresincluded viathe Structures arguments are not used
in the newly-created structure.

e Sructures arguments can be interspersed with groups of Tags and Values
arguments in the call to CREATE_STRUCT. Use caution, however, to ensure
that the number of Tags and Valuesin each group are equal, to avoid inserting a
structure variable as the value of asingle tag when you mean to include the
structure’s data as individual tags and values.

Keywords
NAME

To create anamed structure, set this keyword equal to astring specifying the structure
name. If this keyword is not present, an anonymous structure is created.

Examples

To create the anonymous structure { A: 1, B: ' xxx' } inthe variable P, enter:
p = CREATE_STRUCT(' A", 1, 'B', 'xxx')

To add the fields “FIRST” and “LAST” to the structure, enter the following:
p = CREATE_STRUCT(' FIRST', 0, p, 'LAST', 3)

The resulting structure contains{ FIRST: 0, A: 1, B: 'xxx', LAST: 3}.

Finally, consider the following statements:

sl = {Structl, Tagl:'AAA', Tag2:'BBB'}
s2 {Struct2, TagA: 100, TagB: 200}
s3 = CREATE_STRUCT(NAME=' Struct3', ['A,'B,'C], 1, 2, sl, s2)
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Here, the variable s3 contains the following named structure:
{ Struct3, A: 1, B: 2, C: {Structl, Tagl: 'AAA', Tag2: 'BBB'}, TagA: 100, TagB: 200}
Note that the value of s3. Cisitself a“Structl” structure, since the structure variable
s1 was interpreted as a Values argument, whereas the structure variable s2 was
interpreted as a Sructures argument, thus including the tags from the “ Struct2”
structure directly in the new structure.

Version History
Introduced: Pre 4.0

See Also

IDL_VALIDNAME, N_TAGS, TAG_NAMES, Chapter 7, “ Structures’ in the
Building IDL Applications manual.
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CREATE_VIEW

The CREATE_VIEW procedure sets the various system variables required to define a
coordinate system and a 3-D view. This procedure builds the system viewing matrix
('PT) in such away that the correct aspect ratio of the data is maintained even if the
display window is not square. CREATE_VIEW aso setsthe “Data’ to “Normal”
coordinate conversion factors (!X.S, 1Y.S, and ! Z.S) so that center of the unit cube
will be located at the center of the display window.

CREATE_VIEW setsthe following IDL system variables:

IPT IX.S Y.S 1Z.S
IPT3D IX.Style Y. Style 1Z.Style
IPPosition IX.Range l'Y.Range I1Z.Range
IPClip IX.Margin 'Y.Margin 1Z.Margin
IPRegion

This routine iswritten in the IDL language. Its source code can be found in thefile
create_vi ew. prointheli b subdirectory of the IDL distribution.

Syntax
CREATE_VIEW [, AX=valug] [, AY=valug] [, AZ=valug] [, PERSP=valu€]
[, /RADIANS] [, WINX=pixelg] [, WINY=pixelg] [, XMAX=scalar]
[, XMIN=scalar] [, YMAX=scalar] [, YMIN=scalar] [, ZFAC=valu€]
[, ZMAX=scalar] [, ZMIN=scalar] [, ZOOM=scalar or 3-element vector]
Arguments
This procedure has no required arguments.
Keywords
AX

A floating-point value specifying the orientation (X rotation) of the view. The default
is0.0.
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AY

A floating-point value specifying the orientation (Y rotation) of the view. The default
is0.0.

AZ

A floating-point value specifying the orientation (Z rotation) of the view. The default
is0.0.

PERSP

A floating-point value specifying the perspective projection distance. A value of 0.0
indicates an isometric projection (NO perspective). The default is 0.0.

RADIANS
Set this keyword if AX, AY, and AZ are specified in radians. The default is degrees.
WINX

A long integer specifying the X size, in pixels, of the window that the view is being
set up for. The default is 640.

WINY

A long integer specifying the Y size, in pixels, of the window that the view is being
set up for. The default is512.

XMAX

A scalar specifying the maximum data value on the X axis. The default is 1.0.
XMIN

A scalar specifying the minimum data value on the X axis. The default is 0.0.
YMAX

A scalar specifying the maximum datavalue onthe Y axis. The default is 1.0.
YMIN

A scalar specifying the minimum datavalue onthe Y axis. The default is 0.0.
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ZFAC

Set this keyword to afloating-point value to expand or contract the view in the Z
dimension. The default is 1.0.

ZMAX

A scalar specifying the maximum data value on the Z axis. The default is 1.0.
ZMIN

A scalar specifying the minimum data value on the Z axis. The default is 0.0.
ZO0OM

A floating-point number or 3-element vector specifying the view zoom factor. If
zoom isasingle value then the view will be zoomed equally in al 3 dimensions. If
zoom is a 3-element vector then the view will be scaled zoom[Q] in X, zoom[1] in Y,
and zoom[2] in Z. The default is 1.0.

Examples

Set up aview to display an iso-surface from volumetric data. First, create some data:

vol = FLTARR(40, 50, 30)
vol (3:36, 3:46, 3:26) = RANDOMX S, 34, 44, 24)
FOR 1 = 0, 10 DO vol = SMOOTH(vol, 3)
Generate the iso-surface.
SHADE _VOLUME, vol, 0.2, polygon_list, vertex_list, /LON

Set up the view. Note that the subscripts into the Vol array rangefrom0to 39in X, 0
to49inY,and 0to 29in Z. As such, the 3-D coordinates of the iso-surface
(vertex_list) may have the samerange. Set XMIN, YMIN, and ZMIN to zero (the
default), and set XMAX=39, YMAX=49, and ZMAX=29.

W NDOW XSl ZE = 600, YSIZE = 400
CREATE_VI EW XMAX = 39, YMAX = 49, ZMAX = 29, $
AX = (-60.0), AZ = (30.0), WNX = 600, WNY = 400, $
ZOOM = (0.7), PERSP = (1.0)
Display the iso-surface in the specified view.

img = POLYSHADE( pol ygon_list, vertex_list, /DATA, /T3D)
TVSCL, ing
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Version History
Introduced: Pre 4.0
See Also

SCALE3, T3D
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CROSSP

The CROSSP function returns a vector that is the cross-product of two input vectors,
V1and V2.

Syntax
Result = CROSSP(V1, V2)
Return Value

Returns a floating-point vector that is the cross-product of two 3-element vectors, V1
and V2.

Arguments
V1, V2

Three-element vectors.
Version History
Introduced: Original

See Also

“Matrix Multiplication” in Chapter 2 of the Building IDL Applications manual.
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CRVLENGTH

The CRVLENGTH function computes the length of a curve with a tabular
representation, Y[i] = F(X[i]).

Warning
Datathat is highly oscillatory requires a sufficient number of samplesfor an
accurate curve length computation.

This routine iswritten in the IDL language. Its source code can be found in the file
crvl engt h. prointhel i b subdirectory of the IDL distribution.

Syntax

Result = CRVLENGTH( X, Y[, /DOUBLE] )
Return Value

Returns the curve length.
Arguments

X

An n-element single- or double-precision floating-point vector. X must contain at
least three elements, and values must be specified in ascending order. Duplicate X
values will result in awarning message.

Y

An n-element single- or double-precision floating-point vector.
Keywords
DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.

Example

;Define a 21-el enent vector of X-val ues:
X =[-2.00, -1.50, -1.00, -0.50, 0.00, 0.50, 1.00, 1.50, 2.00, %
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2.50, 3.00, 3.50, 4.00, 4.50, 5.00, 5.50, 6.00, 6.50, $
7.00, 7.50, 8.00]

;Define a 21-el enent vector of Y-val ues:

y =[-2.99, -2.37, -1.64, -0.84, 0.00, 0.84, 1.64, 2.37, 2.99, $
3.48, 3.86, 4.14, 4.33, 4.49, 4.65, 4.85, 5.13, 5.51, $

6. 02, 6. 64, 7.37]

; Conpute the length of the curve:
result = CRVLENGTH(x, V)

Print, result
IDL prints:
14. 8115

Version History
Introduced: 5.0
See Also

INT_TABULATED, PNT_LINE

CRVLENGTH IDL Reference Guide



339

CT_LUMINANCE

The CT_LUMINANCE function calculates the luminance of colors.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
ct _lunminance. prointhel i b subdirectory of the IDL distribution.

Syntax

Result = CT_LUMINANCE([R, G, B] [, BRIGHT=variable] [, DARK=variable]
[,/READ_TABLES])

Return Value

The function returns an array containing the luminance values of the specified colors.
If the R, G, and B parameters are not specified, or if Ris of integer, byte or long type,
the result is alongword array with the same number of elements as the input
arguments. Otherwise, the result is a floating-point array with the same number of
elements as the input arguments.

Arguments

R

An array representing the red color table. If omitted, the color values from either the
COL ORS common block, or the current color table are used.

G
An array representing the green color table. This parameter is optional.
B
An array representing the blue color table. This parameter is optional.
Keywords
BRIGHT

Set this keyword to a named variable in which the array index of the brightest color is
returned.
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DARK

Set this keyword to a named variable in which the array index of the darkest color is
returned.

READ_TABLES

Set this keyword, and don't specify the R, G, and B arguments, to read colors directly
from the current colortable (using TVLCT, /GET) instead of using the COLORS
common block.

Version History
Introduced: Pre 4.0

See Also

GAMMA_CT, STRETCH
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CTI_TEST

The CTI_TEST function constructs a“contingency table” from an array of observed
frequencies and tests the hypothesis that the rows and columns are independent using
an extension of the chi-sguare goodness-of -fit test.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
cti_test.prointhelib subdirectory of the IDL distribution.

Syntax

Result = CTI_TEST( Obfreq [, COEFF=variable] [, /CORRECTED]
[, CRAMV=variable] [, DF=variable] [, EXFREQ=variabl€]
[, RESIDUAL=variable] )

Return Value

Returns a two-element vector containing the chi-square test statistic X2 and the one-
tailed probability of obtaining a value of X2 or greater.

Arguments

Obfreq

Anmx n array containing observed frequencies. Obfreq can contain either integer,
single-, double-precision floating-point values.

Keywords

COEFF

Set this keyword to anamed variable that will contain the Coefficient of Contingency.
The Coefficient of Contingency is a non-negative scalar, in the interval [0.0, 1.0],
which measures the degree of dependence within a contingency table. The larger the
value of COEFF, the greater the degree of dependence.

CORRECTED

Set this keyword to use the “ Yate's Correction for Continuity” when computing the
Chi-squared test statistic, X2. The Yate's correction always decreases the magnitude
of X2. In general, this keyword should be set for small sample sizes.
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CRAMV

Set this keyword to a named variable that will contain Cramer’sV. Cramer'sV isa
non-negative scalar, in theinterval [0.0, 1.0], which measures the degree of
dependence within a contingency table.

DF

Set this keyword to a named variable that will contain the number of degrees of
freedom used to compute the probability of obtaining the value of the Chi-squared
test statistic or greater. DF = (n- 1) * (m- 1) where mand n are the number of
columns and rows of the contingency table, respectively.

EXFREQ

Set this keyword to a named variable that will contain an array of m-columns and n-
rows containing expected frequencies. The elements of thisarray are often referred to
asthe “cells’ of the expected frequencies. The expected frequency of each cell is
computed as the product of row and column margina frequencies divided by the
overall total of observed frequencies.

RESIDUAL

Set this keyword to a named variable that will contain an array of m-columns and n-
rows containing signed differences between corresponding cells of observed
frequencies and expected frequencies.

Examples

CTI_TEST

Define a5-column and 4-row array of observed frequencies.

obfreq = [[748, 821, 786, 720, 672], $
[ 74, 60, 51, 66, 50], $
[ 31, 25 22, 16, 15], $
[ 9 10, 6, 5 71

Test the hypothesis that the rows and columns of “obfreq” contain independent data
at the 0.05 significance level.

result = CTI_TEST(obfreq, CCOEFF = coeff)
The result should be the two-element vector [14.3953, 0.276181].

The computed value of 0.276181 indicates that there is no reason to reject the
proposed hypothesis at the 0.05 significance level. The Coefficient of Contingency
returned in the parameter “ coeff” (coeff = 0.0584860) also indicates the lack of
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dependence between the rows and columns of the observed frequencies. Setting the
CORRECTED keyword returns the two-element vector [12.0032, 0.445420] and
(coeff = 0.0534213) resulting in the same conclusion of independence.

Version History
Introduced: Pre 4.0
See Also

CORRELATE, M_CORRELATE, XSQ TEST
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CURSOR

The CURSOR procedure is used to read the position of the interactive graphics cursor
from the current graphics device. Note that not all graphics devices have interactive
cursors. CURSOR enables the graphic cursor on the device and optionally waits for
the operator to position it. On dev